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NOTES  ON  CERTAIN  PHYSICAL  AND  PHYSIOLOGICAL 
MEASUREMENTS  AND  ESTIMATES.  By  John  G. 
M ‘Kendrick,  M.D.,  Professor  of  Physiology  in  the  University 
of  Glasgow. 


1. — Units 


Fractions  of  an  inch. 
Millimetre  = ^j-th  of  an  inch. 
Micron  = ^rhrrr  of  1 mm.  - 1 


1000 


xt  — w.Vw^1  inch. 


i_o_ 
T.Wo.oW 


of  a milli- 


inch. 


100  0 

Micron  = y. 

2.  — Diameter  of  a molecule  from  i,<nrx,wo  to  .. 

metre,  or  ^.trw.wo  f°  w.irw.wo  °f  an  inch. 

Take  diameter  at  a-.wo.WTr  millimetre  or  to.wx.oW 

3.  — Suppose  each  biophov  (vital  unit  of  Whismann)  to  be  cubical, 

and  to  contain  1000  molecules,  that  is  ten  in  a row,  or 
10x  10x  10  = 1000.  Then  the  biophor  would  measure  10  mole- 
cules in  length,  or  2\xrw,wir  x f 0 = x.wiftrw  or  wwrw.mm. 

4.  — 200  biophors  would  therefore  measure  oo%?^nr  or  xoVo  millimetre 

or  l/i,  (micron),  or  the  °f  an  inch. 

5.  — Imagine  a cube,  one  side  of  which  was  1 y or  ^.^wth  ^nc^> 

would  contain  200  x 200  x 200  = 8,000,000  biophors. 

6.  — A human  red  blood  corpuscle  measures  about  7‘ 7 y in  diameter 

and  1-6  /x  in  thickness : suppose  it  to  be  cubed  it  would  con- 
tain 3,652,000,000  biophors.  As  it  is  not  a cube  but  only  a 
disk  1*6  /x  in  thickness,  it  will  contain  considerably  fewer.  If 
we  take  it  as  a disk  of  uniform  thickness  (l-6  y)  and  not 
biconcave,  as  it  really  is,  the  number  of  biophors  would  be 
416,000,000. 

7. — Smallest  particle  of  matter  that  can  be  seen  with  highest  micro- 

scopic poAvers  is  -20,oo<r  millimetre  or  ^oonjw^1  of  an  inch. 

8. — Each  biophor  is  mm.  in  diameter,  so  there  would  be  10 


in  the 


2 0. wo 


millimetre,  or  1000  in  the  cube. 


9.  — Average  diameter  of  molecule  = y.wuywo  mm. 

10.  — Smallest  visible  particle  = ^^w  mm.  Then  there  would  be  in 

the  side  of  the  cube,  in  a row  100  such  molecules,  or  in  the 
cube  100  x 100  x 100  = 1,000,000  molecules. 

11.  — A molecule  of  organised  matter  contains  about  50  elementary 

atoms.  So  that  the  1,000,000  molecules  in  groups  of  about 
50  would  number  1’00SQ0°0°  = 20,000  organic  particles. 

12.  — Thus  a cube  mm . would  contain  about  20,000  organic 

particles. 

13.  — Suppose  one-half  to  be  water,  then  there  would  remain  10,000 

organic  particles.  That  is  22  in  a row.  Each  would  then  be 
about  yjxEuw  mm. 
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14‘~TmoSeof  jf6CUle  mUst  be  5 times  Iar8er  at  least  than  a 
Molecule  of  II.  Organic  Molecule. 

smallest  visible  cube  would  contain  in  a row 
100  molecules  about  22  molecules 

, „ ,T  °f  of  organised  matter, 

lb.— Now  as  200  biophors  = 1^  = ^^  mm. 

1 7 m.  ^ biophor  = mm.  in  diameter. 

il.  inat  is  to  say  the  smallest  particle  of  matter 
highest  microscopic  powers, 

10  times  the  diameter  or 


visible  to  the 


_ mm i<3  1 10  times  the  diameter  or  ) . 

TU.OTff  m.  is  | 1000  timeg  the  vdume  i of  the  ultimate 

ITiIaI  llr.il  i.* L . 1.  * 1 1 I 


vital  unit — the  biophor 


' 2 o o.inRr 


f 3«  Diameter  of  a molecule  of  id  = inch  ot  1 mm 

in  o Hi  . sTr.Tnnr.Tnnr  or  s.innr.Tnnr mm- 

10.  bmaiiesty>a?AcZe  that  can  be  seen  microscopically  is  -_-y  J . inch, 

0r  2TT.W  mm- 

20. — Smallest  ultimate  vital  unit  (biophor) 

91  qIjiN  1 . * 1 / ! ., . ' , • ~5.wox>,wtnj  hicli,  or  mm. 

*'!■  Smallest  particle  (visible  cube)  that  can  be  microscopically  seen 

may  contain  ..  . . 20,000  organic  particles  + water. 

Smallest  ultimate  vital  unit  (biophor)  may  contain  20  organic 
particles. 

23. — Germinal  vesicle  is  about  inch  in  diameter— or  J^th  mm. 

24. — Germinal  vesicle  may  contain  1,000,000,000,000  biophors. 

25-  Head  of  sperm  cell  is  about^1^  inch  in  diameter,  or  —fj  mm. 

26.— Sperm  cell  element  may  contain  1,000,000,000  biophors. 


27.  Smallest  thing  that  can  be  seen  with  naked  eye,  inch,  or 
of  a mm.  The  retinal  image  at  distance  of  1 inch  from 
eye  would  he  inch,  or  about  4 wave-lengths  of  light. 


28. — Germinal  vesicle  is  inch,  or  ^ of  a mm. 

29.  Sperm  cell  is  -g-fa-tf  inch,  or  of  & mm. 

30. — Wave-length  of  green  light  is  inch,  or  of  a mm. 

31.  — Smallest  thing  that  can  be  seen  with  microscope  is  inch, 

or  2 o.irto  °f  a mm.,  or  y\jtli  of  a wave-length  of  light. 

32. — Ultimate  vital  unit  (biophor)  is  T>7nn?>TnnF  inch,  or  of  a 

mm.,  or  y^th  of  a wave-length  of  light. 

33.  — -Molecule  of  organised  matter,  like  albumen,  is  mm.,  or 

TT.Wavfnnr  inch. 

34. — Molecule  of  hydrogen  is  inch,  1r.tnro.tnn7  of  a mm.,  or 

■nnnrth  of  a wave-length  of  light. 

35 —Average  wave-length  of  light,  inch. 
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36. 


•Yelocity  of  light  in  round  numbers  186,000  miles  per  second; 
there  are  about  62,208  inches  per  mile;  l86,000x  62,208 
= 11,570,680,000  inches  per  second.  ll,570,b80,UUU  = 
1/50,000  = 11,570,680,000  x 50,000  = 578,534,000,000,000 
vibr.  per  second  falling  on  retina.  . 

. — Diameter  of  a single  retinal  rod  or  cone  is  about  d oVu^1  . 
38. — Length  of  shortest  vibrating  hair  in  the  ear,  -Dia" 

meter  about  £ of  X3ytf  = -g-jinr  ^ncb- 


37. 


39. — Bod  or  cone; 


i 

¥0  0 0 


inch,  or 


Suppose  a cube.  It 
might  contain  240,000,000  biophors.  As  the  rod  or  cone  is 
prismatic  or  cylindrical  in  shape,  the  number  of  hiopliors 
bodies  possibly  differing  as  to  sensitiveness  to  light  may  be 
two  or  three  times  greater.  Groups  of  such  elements  of  the 
rod  or  cone  may  be  differently  affected  by  various  wave-lengths. 
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A THEORY  OF  MUSCULAR  CONTRACTION. 

By  W.  M'Dougall,  M.A,  M.B.,  B.Sc.,  Fellow  of  St  John's 
College,  Cambridge. 

• C. 

In  an  article  dealing  with  the  structure  of  cross-striated  muscle 
published  in  the  April  and  July  numbers  of  this  Journal, 
I have  briefly  formulated  a hypothesis  as  to  the  nature  of  the 
processes  that  immediately  determine  muscular  contraction,  and 
have  stated  that  it  is  easy  to  offer  plausible  explanations,  in 
terms  of  the  hypothesis,  of  many  of  the  properties  and  phenom- 
ena exhibited  by  cross- striated  muscle.  I wish  to  describe  in 
this  article  certain  observations  that  seem  to  give  support  to 
this  hypothesis,  and  to  show  briefly  how  the  hypothesis  lends 
itself  to  these  explanations. 

I will  first  make  some  critical  remarks  on  two  hypotheses  that 
claim  to  afford  physical  explanations  of  the  process  of  muscular 
contraction ; for  these  two  hypotheses,  suggested  by  Engel- 
maun  and  Yervvorn  respectively,  are  the  most  prominent  of  the 
many  that  are  current  at  the  present  time. 

Fngelmann’s  Hypothesis. 

Engelmann  has  recently  made  a suggestion  as  to  the  nature  of 
muscular  contraction,1  and  has  offered  to  the  Royal  Society,  in 
the  Croonian  Lecture  of  the  year  1895,  a ‘ proof  ’ of  the  truth  of 
the  hypothesis  (see  Nature,  28th  March  1895).  The  essence 
of  the  suggestion  is,  that  contraction  is  caused  by  a heating  of 
some  small  part  of  the  fibrils  of  which  he  supposes  the  contrac- 
tile substance  of  muscle  to  be  made  up.  The  1 proof  ’ consists 

1 Ueber  den  Ursprung  der  Muskelkraft,  1893. 
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in  the  pointing  ont  of  certain  striking  resemblances  between  the 
properties  of  muscle  and  those  of  stretched  violin-strings  and 
other  lifeless  bodies  of  a similar  nature. 

Fick1  has  criticised  the  hypothesis,  pointing  out  that  the 
absolute  force  of  the  muscle  is  so  much  greater  than  that  of  any 
such  system  as  Engelmann’s  muscle  model,  that  the  bounds  of 
legitimate  analogy  are  overstepped.  Engelmann  professes  to 
have  refuted  this  objection  by  pointing  out  the  following  facts, 
and  making  certain  deductions  from  them  : (a)  that  a violin- 
string ’7  mm.  in  diameter  will  perceptibly  raise  a load  of  1 kilo, 
when  its  temperature  is  rapidly  raised  to  130°  C. ; (6)  that  the 
maximum  load  that  a tetanised  strip  of  human  muscle  1 sq.  cm. 
in  transverse  section  can  raise  is  10  kilo  ; (c)  that  in  tetanus  a 
muscle  may  rise  1°  in  temperature.  From  these  figures  he  con- 
cludes that  the  string  exerts  twenty  times  as  much  force  as  the 
muscle  of  the  same  cross-section.  But  this  conclusion  cannot 
fairly  be  drawn  from  the  figures.  For  let  us  assume  that  the 
string  was  raised  only  100°  C.  in  temperature.  The  area  of  its 
cross-section  is  nearly  -5  sq.  mm.  Then  the  string  -5  sq.  mm.  in 
cross-section  raised  100°  C.  in  temperature  lifts  1 kilo.  Engel- 
mann  supposes  that  parts  of  the  muscle  are  directly  heated  while 
others  are  not,  and  the  rise  of  the  temperature  which  would  give 
au  efficiency  of  30  per  cent,  (which  is  that  of  muscle)2 *  is  100°  C. 
Then  let  us  suppose  the  temperature  distributed  in  this  most 
favourable  manuer,  and  we  have  for  the  muscle  the  figures  T(\p- 
sq.  cm.  raised  100°  C.  in  temperature  lifts  10  kilos,  i.e.,  the 
muscle  exerts  five  times  as  much  force  as  the  string  for  equal 
cross-sections.  There  are  two  considerations  which  show  that 
the  data  of  this  calculation,  as  given  by  Engelmann,  are  far  too 
favourable  for  the  string.  In  the  first  place,  he  has  neglected 
the  question  of  absolute  force  ; and  probably  the  muscle  raises 
the  weight  to  a height  which  is  a much  greater  proportion  of  its 
own  length  than  does  the  string.  Secondly,  the  tetanus  during 
which  a muscle  rises  1°  C.  in  temperature  is  one  continued  for 
some  minutes  (cf.  L,  s.  158).  Becquerel  observed  a rise  of 
temperature  of  1°  C.  after  five  minutes’  tetamsation,  and  (s.  lot)) 
Helmholtz  observed  a rise  of  temperature  of  -18°  C.  on  tetams- 

2 r.M  sSei 66^ 7 '[I.’  here  and  hereafter  to  Hermann’s  Haruibuch  d.  Phys., 

ed.  1.  ' II.  rei'eis  to  Biedermann’s  Elcclro-Physiologie,  Bug.  tians.] 


A THEORY  OF  MUSCULAR  CONTRACTION.  189 

iuo'  frog’s  muscle  for  two  or  three  minutes.  The  rise  in 
temperature  of  the  muscle  during  the  actual  raising  of  the 
weight  is,  therefore,  certainly  much  less  than  1°  C.,  probably 
only  a very  small  fraction  of  a degree.  Allowing,  then,  for  these 
considerations  of  the  forces  exerted  by  equal  masses  of  equal 
cross-section  of  muscle  and  violin-string,  raised  equally  in  tem- 
perature, that  of  muscle  must  be  at  least  100  times  greater  than 
that  of  the  string. 

A similar  conclusion  may  be  more  legitimately  reached  in 
this  way : 1 sq.  cm.  of  frog’s  muscle  can  raise  in  a simple  con- 
traction 400  grs.  (I,  s.  64),  and  the  maximum  rise  of  temperature 
for  a simple  contraction  is  '001°  C.-005°  C.  (I.,  s.  159);  then 
taking  the  lower  estimate,  1 sq.  cm.  of  the  muscle  with  rise  of 
temperature  -001°  C.  lifts  400  grs.,  i.e.,  joW  ST  mm-  r^s’ng 
100°  C.  in  temperature  lifts  400  grs.,  and  in  the  case  of  the 
string  \ sq.  mm.  rising  100°  C.  in  temperature  lifts  1 kilo,  i.c., 
the  muscle  exerts  the  same  pull  with  a cross-section  about  2077 
of  that  of  the  string,  or,  taking  the  higher  estimate  of  the  rise 
of  temperature,  about  ^ of  that  of  the  string.  Here,  again,  the 
height  to  which  the  weight  is  lifted  has  been  neglected  ; and  if  it 
were  taken  into  account,  the  absolute  force  of  the  muscle  would 
probably  be  found  to  be  very  much  greater  still  in  proportion  to 
that  of  the  string. 

One  of  the  most  striking  resemblances  between  living  con- 
tractile structures  and  the  lifeless  substances  with  which  the 
comparison  is  made,  is  the  possession  of  doubly  refracting  parts 
by  both  classes ; and  Engelmann  insists  that  one  of  the  optic  axes 
is  always  parallel  to  the  direction  of  contraction.  But  he  has 
pointed  out,  as  particularly  significant,  the  fact  that  in  certain 
muscle  fibres  the  contractile  fibrils  run  in  steep  spirals  round  the 
fibres,  their  obliquity  to  the  axis  of  the  fibre  increasing  during 
contraction,  while  the  optic  axes  of  the  fibrils  remain  parallel  to 
the  axis  of  the  fibre  in  all  degrees  of  contraction.  He  adds, 
“ hence  it  is  not  the  morphological  axis  of  the  fibrils,  but  the 
optical  axis  of  their  doubly  refractive  constituents  which  coin- 
cide with  the  direction  of  the  contracting  force.”  But  the  direc- 
tion of  the  contracting  force  with  which  the  optical  axis  of  the 
fibrils  coincides,  is  the  resultant  of  the  forces  acting  along  the 
morphological  axis  of  all  the  fibrils ; for  it  cannot  be  contended 
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that  the  fibrils  exert  their  pull  in  any  other  direction  than  along 
their  morphological  axes.  These  fibrils.,  then,  form  a notable  ex- 
ception to  the  law  which  Engelmann  is  attempting  to  establish, 
and  prove  that  this  point  of  resemblance  between  the  two  classes 
of  objects  is  merely  a coincidence.  In  just  the  same  way  all  the 
other  points  of  resemblance  remain  merely  striking  coincidences, 
and  do  not  in  anyway  amount  to  proof. 

Engelmann,  while  admitting  the  essential  similarity  between 
‘rigor’  and  contraction,  finds  it  impossible  to  explain  the  former 
as  a thermo-dynamic  effect,  and  falls  back  on  his  old  imbibition 
hypothesis. 

If  there  be  any  truth  in  the  view  of  so  many  observers  that 
the  wing-fibril  of  insects  is  a membranous  tubule  (a  view  which 
I have  endeavoured  to  extend  to  other  muscles),  it  is  difficult  to 
understand  to  which  parts  of  them  Engelmann  would  attribute 
the  rise  of  temperature  of  many  degrees,  which  he  is  bound  to 
assume.  For  since  each  sarcomere  is  contractile  and  takes  part 
in  a general  contraction,  he  muse  suppose  that  some  minute 
fraction  of  the  substance  of  each  sarcomere  is  the  part  which 
suffers  the  increase  of  temperature.  . 

Verworn’s  Hypothesis. 

Verworn,  in  his  work  entitled  Die  Bewcgung  der  lebendigen 
SManz  (1892),  claims  to  give  a physical  explanation  of  the 
contraction  of  muscle  by  suggesting,  by  a chain  of  argument 
which  it  is  needless  to  examine,  an  analogy  between  it  and  the 
retraction  of  the  pseudopodium  of  an  amoeba.  He  regards  both 
the  protrusion  and  the  retraction  of  the  pseudopodium  as  cases 
of  positive  ‘ chemiotaxis  ’ or  ‘ chemiotropism.’  Of  the  protrusion 
he  offers  a physical  explanation  which  may  be  summed  up  as 
follows : — The  substance  of  the  resting  cell  has  an  affinity  01 
oXyoen  In  a medium  devoid  of  oxygen,  its  surface  becomes 
spherical  through  surface-tension.  In  a liquid  medium  contain- 
ing oxygen,  molecules  of  the  latter  will  chemically  attract 
molecules  of  the  cell  substance  lying  at  the  surface  of  the  cell, 
and  the  attraction  will  be  greater  at  some  points  than  at  others. 
At  the  former  points  the  molecules  of  the  surface  will  move  to 
meet  the  molecules  of  oxygen  in  the  medium.  At  each  of  these 
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points,  therefore,  the  surface  expands;  the  molecules  from  within 
having  unsatisfied  affinities  for  oxygen,  must  take  up  a position 
at  this  part  of  the  surface,  and  be  in  turn  attracted  towards  the 
oxygen  of  the  medium,  and  so  the  protrusion  increases  and  a 
pseudopodium  is  formed.  Eetraction  he  would  explain  as  the 
result  of  an  alteration  of  the  chemical  nature  of  the  molecules  at 
the  surface  of  a pseudopodium,  the  alteration  being  the  result  of 
stimulation,  and  of  such  a nature  that  the  new  substance  is 
attracted  by  substances — the  ‘Kernstoffe’ — formed  by  the  nucleus 
and  distributed  through  the  cell  body  with  diminishing  density 
from  the  nucleus  outwards.  He  implies  that  there  is  thus  pro- 
duced by  stimulation,  conditions  the  exact  reverse  of  those  which 
determined  the  protrusion  of  the  pseudopodium,  but  does  not 
attempt  to  work  out  the  molecular  process  in  detail  as  before. 
If  we  accept  as  plausible  his  explanation  of  protrusion,  and 
attempt  to  work  out  the  corresponding  molecular  process  to 
which  he  attributes  the  retraction,  using  his  own  methods  of 
treating  of  the  molecules  and  their  chemical  affinities,  we  find 
that  it  cannot  be  done.  Thus  on  stimulation,  molecules  at  the 
surface  acquire  an  affinity  for  molecules  of  ‘ Kernstoffe  ’ lying 
immediately  below  the  surface,  and  pass  towards  them  in  virtue 
of  chemical  attraction.  We  may  even  suppose  that  being  still 
unsatisfied  by  the  layer  of  ‘ Kernstoffe  ’ immediately  next  to 
the  surface,  they  proceed  still  further  inwards  in  search  of 
more  ‘ Kernstoffe.’  But  before  they  have  proceeded  more  than 
an  infinitesimal  distance,  they  must  form  a barrier  of  inert  sub- 
stance between  the  surface  molecules  and  any  ‘ Kernstoffe  ’ 
within  the  cell,  and  so  the  process  must  come  to  an  end.  How- 
ever the  argument  be  vaiied,  it  does  not  seem  possible  to  ex- 
plain retraction  on  these  lines ; and  Verworn’s  explanation  of 
muscular  contraction  simply  consists  of  a very  much  forced 
analogy  drawn  between  it  and  the  retraction  of  the  pseudo- 
podium. 

Verworn’s  hypothesis  as  to  the  causes  of  retraction  of  a 
pseudopodium  may  perhaps  be  radically  modified  by  supposing 
that  retraction  is  due  simply  to  the  cessation  of  those  processes 
which  cause  protraction,  surface-tension  alone  bringing  about  the 
retraction.  But  when  so  modified,  the  hypothesis  no  longer 
finds  support  in  the  observations  on  the  retraction  of  pseudo- 
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podia  following  stimulation,  and  on  the  relations  of  the  nucleus 
to  the  cell  body,  which  are  the  mainstay  of  the  hypothesis  in 
its  original  form. 

In  the  article  referred  to  above,  I pointed  out  that  any 
increase  in  the  volume  of  the  fluid  contents  of  a sarcomere 
must  tend  to  cause  its  side  walls  to  bulge  outwards  and  its 
ends  to  be  drawn  together,  and  the  whole  sarcomere  to  go 
through  just  such  a series  of  changes  in  shape  as  I have  described 
as  occurring  during  contraction.  I accordingly  formulated  my 
hypothesis  of  the  processes  involved  in  contraction  as  follows : 
— Contraction  is  the  result  of  an  increase  in  the  volume  of  the 
fluid  contents  of  the  sarcomere,  and  relaxation  is  accompanied 
by  a diminution  in  their  volume.  I also  showed  that  in  the 
dead  sarcomere  an  increase  in  the  volume  of  its  contents  is  an 
efficient  cause  of  shortening.  I wish  now  to  record  certain 
observations  that  make  it  seem  highly  probable  that  in  the 
living  sarcomere  such  an  increase  in  the  volume  of  its  contents 
is  not  only  an  efficient  cause  of  shortening,  but  also  the  actual 
cause  of  normal  contraction. 

The  observations  to  which  I refer  were  made  ou  isolated 
sarcostyles  of  the  wing  muscles  of  the  house-fly,  on  fibres  from 
the  leg  muscles  of  the  water-beetle,  and  on  fibres  from  the  claw 
muscles  of  the  crayfish,  subjected  to  the  action  of  saline  solu- 
tions of  various  degrees  of  concentration,  of  distilled  water,  and 
of  weak  lactic  acid.  They  were  begun  in  the  hope  of  producing 
a contraction  of  the  isolated  sarcostyles  by  the  action  of  distilled 
water  ; for  I believe  that  the  rigor  that  is  produced  in  frog’s 
muscle  by  the  action  on  it  of  distilled  water  is  a purely  physical 
phenomenon,  due  to  increase  in  volume  of  the  fluid  contents  of 
the  sarcomeres  by  endosmosis  from  the  sarcoplasm. 

If  sarcostyles  be  teased  out  in  distilled  water  from  the  wing 
muscles  of  the  house-fly,  they  are  generally  found  to  be  fully 
extended,  and  they  show  no  marked  swelling,  though  appearing 
a little  turgid  when  compared  with  others  teased  out  in  normal 
saline  solution.  This  failure  of  distilled  water  to  produce  either 
contraction  or  marked  swelling  does  not  mean  that  distilled 
water  does  not  tend  to  cause  distension  of  the  sarcomere  by 
osmosis  For,  as  I have  said,  the  sarcomeres  appear  turgid 
(b,  fig.  1)  as  compared  with  others  in  normal  saline  solution 
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(a,  fig.  .1);  and  if  they  are  soaked  for  some  minutes  in  2 per 
cent.  NaCl  solution,  and  this  solution  is  then  replaced  by  dis- 
tilled water,  they  swell  rapidly 
to  more  than  twice  their  nor- 
mal diameter,  while  remaining 
of  the  same  length.  The  fail- 
ure is  rather  due  to  the  fact 
that  the  fluid  or  viscid  con- 
tents of  the  sarcomeres  very 
rapidly  sets  or  coagulates  when  the  fibrils  are  exposed  to 
any  abnormal  influences.  Swelling  of  the  contents  of  the 
sarcomere  cannot,  then,  take  place  unless  its  side  walls  or  its 
end  discs  a become  stretched,  and  for  this  the  osmotic  pressure 
produced  by  the  action  of  water  on  normal  sarcostyles  seems 
insufficient.  But  if  the  osmotic 
pressure  is  made  greater  by  soak- 
ing the  fibrils  in  2 per  cent.  NaCl 
solution  before  putting  them  into 
water,  the  a discs  yield  to  the  dis- 
tending force  and  swelling  takes  place,  the  whole  fibril  increas- 
ing uniformly  in  diameter  (fig.  2). 

Weak  solutions  of  acids  cause  swelling  of  isolated  fibrils,  and 
a -2  per  cent,  solution  of  acetic  acid  will  occasionally  cause  a 
very  rapid  shortening,  followed  by  great  swelling  and  dissolu- 
tion. But  it  is  very  rare  to  see  any  marked  contraction  preced- 
ing or  accompanying  the  swelling.  Nevertheless,  a study  of  the 
effects  of  very  weak  solutions  of  lactic  acid  is  instructive. 
Fibrils  are  teased  out  in  7 per  cent.  NaCl  solution,  which  is  then 
replaced  by  saline  solutions  containing  7 per  cent.  NaCl  and 
various  amounts  of  lactic  acid.  The  weakest  solution  of  lactic 
acid  that  I have  observed  to  cause  swelling  of  quite  freshly 
separated  fibrils  is  one  containing  one  part  of  the  strong  com- 
mercial lactic  acid  in  ten  thousand  of  water.  With  acid  of  this 
strength  the  sarcomeres  usually  assume 
a barrel  shape  (see  fig.  3),  with  slight 
shortening,  and  no  yielding  of  the  a 
discs.  If  they  are  not  quite  freshly 
separated,  but  have  been  lying  in  saline  solution  for  some 
minutes,  acid  of  this  strength  produces  no  swelling,  but 
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rather  stronger  acid  (4  parts  in  10,000)  will  cause  a rapid 
swelling,  with  yielding  of  the  a discs.  The  degree  to  which  the 
discs  exert  any  constricting  action  in  such  swollen  fibrils  is  very 
variable.  In  some  cases  no  constrictions  are  visible,  and  the 

whole  fibril  forms  an  even  cylinder  4 
or  5 m.  in  diameter  (a,  fig.  1).  But 
usually  both  the  a and  /3  discs  cause 
well-marked  constrictions,  and  the  y 
discs  are  usually  visible,  and  sometimes 
cause  slight  constrictions  (fig.  4).  By  washing  fibrils  in  this 
condition  with  saline  solution  they  may  be  made  to  shrink 
rapidly  to  their  normal  proportions.  But  after  undergoing  this 
swelling  and  subsequent  shrinkage  they  no  longer  appear  quite 
normal : the  a discs  are  a little  irregular  and  ragged  in  appear- 
ance, and  the  whole  fibril  distinctly  presents  the  appearance  of 
having  been  overstrained.  If  fibrils  be  teased  out  in  distilled 
water  and  then  swollen  by  the  action  of  '03  per  cent,  lactic  acid, 
they  may  be  made  to  shrink  again  by  washing  them  with  water, 
just  as  by  washing  with  saline  solution  in  the  preceding  experi- 
ment. 

By  using  slightly  stronger  acid  the  normally  inextensible  side 
walls  of  the  sarcomeres  may  be  stretched  in  the  same  way  as 
the  a discs.  Each  sarcomere  then  appears  of  its  normal  shape, 
but  all  its  measurements  are  approximately  doubled.  Still 
stronger  solutions  of  acid  cause  very  rapid  swelling  and  dissolu- 
tion. 

The  exact  nature  of  the  chemical  or  physical  process  involved 
in  this  swelling  of  the  sarcomere  under  the  action  of  dilute  acids 
is  not  clear.  The  process  is  perhaps  analogous  to  the  swelling 
of  fibrine  filaments  when  immersed  in  weak  acid.  But  it  is 
clear  that  the  presence  of  extremely  dilute  lactic  acid  may 
cause  a very  rapid  passage  of  a large  quantity  of  water  into  the 
sarcomeres.  And  it  is  also  clear  from  these  observations  that 
distilled  water  tends  to  pass  into  the  sarcomeres  by  osmosis. 

I have  said  that  it  is  unusual  to  see  more  than  a very  slight 
degree  of  shortening  produced  in  isolated  wing  fibrils  by  these 
agents  that  tend  to  cause  distension  of  the  sarcomeres,  and  I 
believe  that  this  is  due  to  the  fixation  or  coagulation  of  the 
contents  of  the  sarcomeres  by  their  immersion  in  these  abnoimal 
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fluids.  This  statement  is  justified  by  a study  of  the  behaviour 
of  fibrils  teased  out  in  white  of  egg,  and  in  white  of  egg  mixed 
with  equal  quantities  of  saline  solutions  of  various  degrees  of 
concentration.  If  fibres  from  the  wing  muscles  of  the  house-fly 
be  teased  in  either  white  of  egg  or  a mixture  of  equal  parts  of 
white  of  egg  and  -7  per  cent.  NaCl  solution  and  examined  at 
once,  numerous  fibrils  are  seen  contracting  rapidly ; and  after 
about  thirty  seconds  all  the  fibrils,  many  of  which  were  at  first 
almost  completely  extended,  appear  fully  contracted.  White  of 
egg  is  said  by  Hammarsten  to  contain  about  -7  per  cent,  of 
mineral  salts.  If,  therefore,  it  is  mixed  with  an  equal  quantity 
of  5 per  cent.  Nad  solution,  the  mixture  will  contain  about  2'8 
per  cent,  of  mineral  salts.  Fibrils  teased  out  in  such  a mixture 
usually  remain  fully  extended. 

White  of  egg  with  an  equal  quantity  of  2 per  cent.  NaCl 
solution  is  a mixture  containing  about  1*3  per  cent,  of  salts. 
When  fibrils  are  teased  out  in  this  mixture  they  usually  con- 
tract to  some  extent,  but  slowly;  and  many  contract  only 
partially.  If  fibres  be  allowed  to  lie  in  this  mixture  for  five 
or  ten  minutes  before  the  fibrils  are  teased  out,  it  is  usual  for 
all  the  latter  to  remain  completely  extended,  though  some  may 
contract  slightly.  If  isolated  fibrils  be  allowed  to  soak  for 
some  time  in  these  mixtures  containing  much  salt,  many  of 
them  soon  show  a distinctly  collapsed  appearance,  i.e.,  the 
sarcomeres  have  their  side  walls  partially  sunken  inwards,  so 
that  they  now  seem  no  longer  fully  distended,  but  shrunken. 

A mixture  of  white  of  egg  and  1 per  cent.  NaCl  solution 
contains  about  -85  per  cent,  of  salts.  Fibrils  teased  out  in  this 
mixture  contract  well  and  uniformly,  but  if  the  fibres  be 
allowed  to  soak  for  ten  minutes  in  the  mixture  before  the 
fibrils  are  teased  out,  contraction  is  much  retarded  and  very 
imperfect  in  most  cases,  while  a preliminary  soaking  for  fifteen 
minutes  is  usually  enough  to  prevent  contraction  entirely. 

A mixture  of  white  of  egg  and  distilled  water  contains  about 
•35  per  cent,  of  salts.  Fibrils  teased  out  in  this  mixture  always 
contract  rapidly  and  completely,  and  do  so,  even  if  the  fibres  have 
been  soaked  for  half  an  hour  or  more  in  the  mixture. 

These  results  are  readily  explicable  in  terms  of  the  working 
hypothesis  of  contraction  that  I have  suggested.  The  sar- 
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comeres  of  the  teased-out  fibrils  are  in  such  a condition  of 
distension  that  when  they  are  subject  to  no  extending  force 
they  remain  contracted.  Those  which  are  isolated  by  teasing 
are  necessarily  drawn  out  in  the  process  of  being  ruptured 
across.  They  then  rapidly  resume  the  condition  of  retraction 
or  contraction  so  long  as  the  medium  in  which  they  lie  is  one 
which  does  not  materially  alter  their  physical  state.  White  of 
ecro-  mixed  with  normal  saline  solution  is  such  a medium.  But 
if  the  mixture  contains  a large  proportion  of  salts,  there  is 
caused  a passage  of  fluid  out  of  the  sarcomeres  (as  proved  by 
the  conditions  of  partial  collapse  produced  by  the  long  con- 
tinued action  of  the  fluid),  and  this  relieving  their  condition  of 
tension  or  distension,  removes  thereby  their  tendency  to  con- 
tract. On  the  other  hand,  the  mixture  of  white  of  egg  with 
water  probably  causes  a passage  of  fluid  into  the  sarcomeres, 
and  so,  by  still  further  distending  them,  increases  their  tendency 
to  contract. 

This  interpretation  of  the  facts  is  fully  borne  out  by  a studj 
of  the  effects  of  similar  agents  on  fibres  from  the  leg  muscles 
of  the  water-beetle  and  from  the  claw  muscles  of  the  crayfish. 
Fibres  of  the  former  kind,  when  separated  with  needles  in  75 
per  cent.  NaCl  solution,  if  not  at  first  in  a state  of  complete 
contraction,  usually  contract  slowly  to  the  maximal  extent. 
If  the  saline  solution  be  replaced  by  distilled  water,  contraction 
proceeds  more  rapidly  and  certainly.  If  the  muscles  be  soaked 
for  ten  to  fifteen  minutes  in  a 2 per  cent.  NaCl  solution  and 
then  separated  in  this  same  solution,  most  of  them  are  found 
in  a state  of  complete  extension,  and  remain  so.  If,  then,  the 
2 per  cent.  NaCl  solution  be  replaced  by  one  containing  only 
1 per  cent.  NaCl,  in  the  first  few  seconds  there  is  no  apparent 
result,  but  usually  after  about  ten  seconds  a slow  contraction 
begins  and  then,  growing  more  rapid,  continues  until  all  the 
fibres  are  wholly  contracted.  If  a 1 per  cent.  NaCl  solution 
fails  to  produce  this  result,  one  containing  75  per  cent.  NaCl 
will  invariably  do  so.  When  weaker  solutions  are  used,  con- 
traction begins  and  proceeds  more  rapidly,  and  most  rapid  y 
when  distilled  water  is  used.  When  a slow  contraction  set  up 
by  a 1 per  cent,  solution  has  begun,  it  may  sometimes  be  stoppei 
by  swilling  the  fibre  with  a 2 per  cent.  NaCl  solution. 
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Assuming  that  my  account  of  the  sti’ucture  of  these  fibres 
be  the  true  one,  i.e.,  that  their  muscle  columns  are  similar  in 
all  essential  respects  to  the  cylindrical  sarcostyles  of  the  in- 
sect’s wing  muscles,  these  facts  are  readily  explicable  on  the 
same  lines  as  those  just  dealt  with.  The  sarcomeres  are  in  a 
condition  of  chronic  distension,  i.e.,  they  have  tone,  and  when 
separated  in  an  inert  fluid  they  contract.  When  they  are 
separated  in  distilled  water,  water  passes  by  osmosis  into  the 
sarcoplasm,  and  thence  into  the  sarcomeres  also,  so  increasing 
their  distension,  and  causing  a more  rapid  and  powerful  con- 
traction. When  they  are  soaked  in  2 per  cent.  ISTaCl  solution, 
water  passes  from  the  sarcoplasm,  and  therefore  also  from  the 
sarcomeres;  the  condition  of  distension  of  the  sarcomeres  is 
removed,  and  therefore  the  tendency  to  spontaneous  contraction. 
When  1 per  cent.  NaCl  solution  is  added,  it  acts  on  the  fibres 
containing  a raised  percentage  of  salts  just  as  pure  water  acts 
upon  normal  fibres, — it  produces,  in  fact,  a water-rigor. 

In  just  the  same  way,  a 1 per  cent.  NaCl  solution  will  abolish 
the  tendency  to  spontaneous  contraction,  though  less  rapidly  and 
certainly  than  does  the  2 per  cent,  solution.  Contraction  may 
then  be  produced  by  means  of  '75  per  cent,  solution,  but  much 
more  certainly  by  -5  per  cent,  solution.  This  seems  to  be  ex- 
plicable in  just  the  same  way  as  the  previous  case. 

If  to  fibres  lying  relaxed  in  1 per  cent.  ISTaCl  solution  there  be 
added  a solution  containing  1 per  cent.  NaCl  and  '03  per  cent, 
lactic  acid,  a contraction  results  after  a few  seconds,  which  is 
quite  similar  to  that  produced  by  distilled  water.  Now  we 
have  seen  that  a still  weaker  solution  of  acid  than  this  will 
cause  a very  rapid  passage  of  large  quantities  of  fluid  into 
sarcomeres  of  isolated  sarcostyles,  and  it  seems  highly  probable 
that  the  acid  causes  contraction  in  this  case  by  leading  to  the 
passage  of  fluid  into  the  sarcomeres,  just  as  pure  water  and 
weak  saline  solutions  seem  to  do. 

Since  the  contractile  elements  of  the  claw  muscles  of  the 
crayfish  are  unquestionably  cylindrical  sarcostyles  exactly 
similar  to  those  of  the  insect’s  wing  muscles,  it  seemed  worth 
while  to  repeat  this  last  series  of  experiments  on  them. 
Water  and  saline  solutions  seem  to  exert  on  these  muscles  a 
very  rapidly  injurious  effect;  and  when  pinned  out  with  their 
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natural  attachments  in  the  extended  state,  the  fibres  have  so 
strong  a tendency  to  contract  that  they  usually  break  away 
from  their  attachments,  and  contract  completely.  But  after 
being  soaked  in  mixtures  of  white  of  egg  and  saline  solution 
in  equal  parts  containing  2 per  cent,  of  salts,  they  may  be 
obtained  in  a fully  extended  or  relaxed  condition.  The  addition 
of  weaker  saline  solutions  or  water  then  causes  contraction, 
which  is  rapid  and  certain  according  as  there  is  a low  per- 
centage of  salts.  In  a similar  way,  a mixture  of  white  of  egg 
and  saline  solution  containing  1 per  cent,  of  salts  will  cause  a 
condition  of  complete  relaxation ; aud  fibres  in  this  state 
contract  on  the  addition  of  ’5  per  cent,  of  HaCI  solution  or  1 
per  cent.  NaCl  solution  containing  ’03  per  cent,  lactic  acid.  In 
my  previous  paper  I pointed  out  how,  in  regard  to  structure, 
these  muscles  form  a natural  link  between  the  types  of  the 
wing  muscles  and  the  leg  muscles  of  insects,  and  we  see  here 
that  in  these  respects  also  they  are  intermediate  in  character 
to  those  two  types  of  muscle. 

’ My  interpretation  of  these  results  finds  further  support  in 
certain  observations  made  by  Mr  W.  M.  Fletcher- of  Trinity 
College,  which  he  has  not  yet  published.  He  has  most  kindly 
given  me  permission  to  make  use  of  such  of  his  results  as  throw 
most  light  on  the  problem  in  hand.  It  has  long  been  known 
that  frog’s  muscle,  when  immersed  in  distilled  water,  or  when 
water  is  pumped  through  its  vessels,  passes  into  a long  continued 
state  of  contraction,  aud  that  this  state  of  contraction  may  be 
abolished  by  immersing  the  muscle  in  2 per  cent.  NaCl  solution, 
or  pumping  this  solution  through  its  vessels.  In  the  course  of  a 
series  of  very  delicate  estimations  of  the  amounts  of  carbonic 
acid  given  off  from  surviving  muscles  in  units  of  time  at  various 
periods  after  excision  from  the  body,  Mr  Fletcher  has  found 
that  when  a frog’s  muscle  passes  into  a well-marked  w^ater-ngoi 
owing  to  immersion  in  distilled  water,  there  is  no  increase  in 
the  rate  at  which  C02  is  being  given  off  from  the  muscle  at  the 
time.  This  observation,  although  not  conclusive,  would  seem  to 
indicate  that  the  water  does  not  produce  its  eilect  by  causing  a 
chemical  change  in  the  same  way  as  ordinary  stimuli  but  t mt 
its  effect  is  rather  a purely  physical  one.  It  therefore  lends 
support  to  the  explanation  of  water-rigor  that  I have  suggested, 
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namely,  that  it  is  due  to  the  passage  of  fluid  into  the  sarcomeres, 
owing  to  a reduction  of  the  osmotic  equivalent  of  the  fluids  of 
the  sarcoplasm. 

Mr  Fletcher  has  also  shown  that  when  a muscle  is  immersed 
in  a weak  solution  of  lactic  acid  (4  parts  of  acid  in  10,000  of 
normal  saline  solution),  a well-marked  contraction  rapidly  ensues 
and  persists.  And,  just  as  the  water-rigor  may  be  abolished  by 
immersion  of  the  muscle  in  2 per  cent,  salt  solution,  so  this  acid- 
rigor  may  be  slowly  abolished,  at  least  in  part,  by  immersion  in 
normal  saline  solution.  Now,  I have  shown  that  acid  of  less 
concentration  than  this  (namely,  1 part  in  10,000)  will  cause 
swelling  of  isolated  sarcostyles,  even  when  they  are  already 
partially  altered  and  set  by  immersion  in  saline  solution ; and 
that  by  washing  with  saline  solution  free  from  acid,  the  swelling 
may  be  as  rapidly  abolished.  It  seems,  then,  probable  that  the 
weak  acid  produces  its  effect  on  the  whole  muscle  by  causing 
the  passage  of  fluid  into  the  sarcomeres,  and  that  the  relaxation 
of  the  muscle  on  subsequent  immersion  in  normal  saline  solution 
is  due  to  a washing  away  of  the  acid.  It  is  true  that  Mr 
Fletcher  finds  that  the  immersion  of  the  muscle  in  the  acid 
and  the  onset  of  the  acid-rigor  is  accompanied  by  a sudden 
increase  in  the  amount  of  C02  given  off  by  the  muscle.  But 
there  are  good  reasons  for  believing  that  the  sarcoplasm  of  the 
muscle  contains  a certain  amount  of  C0o  in  a state  of  loose 
chemical  combination;  and  it  is  highly  probable  that  the  increase 
in  the  amount  of  C02  given  off  may  represent  this  stock  of 
loosely  combined  C0.2  suddenly  set  free  by  the  advent  of  the 
acid. 

In  my  previous  paper  I suggested  that  contraction  is  due  to  a 
passage  of  water  from  the  sarcoplasm  into  the  sarcomeres  ownm 
to  an  increase  in  the  osmotic  equivalent  of  their  contents ; and 
that  this  increase  is  due  to  the  splitting  up  of  large  unstable 
molecules  into  a larger  number  of  smaller  molecules.  The  ob- 
servations recorded  above  form  a basis  for  further  speculation 
on  the  cause  of  contraction,  and  suggest  that,  while  an  increase 
in  the  number  of  molecules  in  solution  in  the  sarcomeres  may 
be  in  part  the  cause  of  passage  of  fluid  into  them,  probably  a 
more  important  factor  in  bringing  about  the  result  is  the  pre- 
sence of  lactic  acid  among  those  newly  formed  molecules.  There 
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are  reasons  for  believing  that  if  lactic  acid  is  the  main  agent  in 
the  process,  it  is  produced  in  the  sarcomeres  rather  than  in  the 
sarcoplasm.  The  experiments  mentioned  above,  in  which  iso- 
lated sarcostyles  were  swollen  with  acid,  and  subsequently  made 
to  shrink  by  washing  with  saline  solution  or  water  free  from 
acid,  indicate  that  it  is  the  presence  of  acid  in  the  contents  of 
the  sarcomeres  that  determines  the  taking  up  of  water  and  the 
holding  of  it  by  those  contents.  In  making  these  experiments 
with  acids,  I have  frequently  noticed  that  the  immediate  effect 
of  adding  a solution  of  acid,  too  weak  to  cause  a swelling  of  the 
fibrils,  is  to  cause  a well-marked  sudden  shrinkage  of  them. 
There  seems  to  be  a passage  of  fluid  out  of  the  sarcomeres, 
caused  by  the  presence  outside  them  of  acid  which  has  not  yet 
permeated  their  substance. 

In  those  experiments  in  which  a solution  containing  01  pei 
cent,  lactic  acid  caused  the  passage  of  a large  quantity  of  water 
into  the  sarcomeres  of  isolated  sarcostyles,  the  latter  had  been 
lying  in  saline  solution,  and  were  already  partly  set  or  coagulated, 
and  less  easily  affected  by  the  acid  than  quite  unaltered  sarco- 
styles would  be.  This  alteration  is  proved  by  the  fact  that 
sarcostyles  only  partially  teased  out  from  the  fibres,  i.e.,  lying 
still  embedded  in  sarcoplasm,  and  therefore  less  affected  by  the 
saline  solution,  are  generally  swollen  by  weaker  solutions  of  acid 
than  those  that  are  lying  free  in  the  fluid.  It  seems  probab  e, 
then  that  the  setting  free  of  a very  minute  quantity  of  lactic 
acid  in  the  chambers  of  the  normal  living  sarcomere  is  sufficient 


to  cause  the  passage  into  the  sarcomere  of  a quantity  of  fluid 
It  would  seem  probable,  therefore,  that  the  production  of  so  sma^ 
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will  be  retained  and  the  state  of  contraction  will  continue.  But 
as  soon  as  the  acid  escapes  from  the  sarcomere,  the  additional 
fluid  will  also  escape  with  it  into  the  sarcoplasm,  and  allow  re- 
laxation to  take  place,  just  as  in  the  case  of  the  isolated  sarco- 
styles  swollen  by  acid,  rapid  shrinkage  results  from  washing  out 
the  acid  with  water,  and  in  the  case  of  acid-rigor,  relaxation 
results  from  immersion  in  normal  saline  solution.  It  is  probable 
that  in  normal  muscle  the  sarcoplasm  contains  a store  of  alka- 
line substances  specially  adapted  for  taking  up  the  acid  of  the 
sarcomeres,  and  that  the  acid  is  no  sooner  produced  than  it 
begins  to  pass  out  into  the  sarcoplasm,  either  as  lactic  acid,  or 
perhaps,  having  undergone  a further  change,  as  carbonic  acid. 

If  we  adopt  this  as  a working  hypothesis  of  the  processes 
immediately  concerned  in  contraction  and  relaxation,  we  can 
give  explanations  of  many  of  the  well-known  phenomena  of 
muscular  activity.  We  see  that  relaxation  is,  in  a sense,  an 
active  process,  for  it  does  not  depend  merely  upon  the  cessation 
of  some  change  causing  contraction,  but  is  the  result  of  a dis- 
tinct physical  process,  namely,  the  escape  of  fluid  from  the  sar- 
comeres. Many  considerations  have  led  physiologists  to  the 
conclusion  that  relaxation  is  in  fact  an  active  process. 

The  form  of  the  curve  of  simple  contraction  may  be  explained 
thus : — The  sudden  production  of  acid  leads  to  an  inrush  of  fluid 
into  the  sarcomeres,  which  is  most  rapid  at  first,  and  becomes 
slower  as  the  acid  escapes,  until  the  amount  of  acid  present  is 
no  longer  enough  to  hold  this  additional  fluid  in  the  sarcomeres. 
The  additional  fluid  then  begins  to  escape,  most  rapidly  at  first, 
then  more  slowly,  since  the  acid  must  escape  most  rapidly  when 
it  is  present  in  largest  quantity,  and  very  slowly  when  most  of 
it  has  already  escaped.  Hence  the  long  drawn-out  character  of 
the  lowest  part  of  the  curve  of  relaxation. 

It  is  well  known  that  the  first  part  of  a contraction  is  the 
most  forcible,  and  that  three  small  contractions  give  a larger 
proportion  of  work  to  heat  than  one  large  one  that  does  the 
same  amount  of  external  work  as  the  three  together  (I.,  s.  167). 
The  action  of  the  elastic  discs  of  the  sarcomeres  must  tend  to 
produce  just  this  result,  for  in  a large  contraction  there  must  be 
a greater  proportion  of  the  whole  transformed  energy  spent  in 
doing  work  in  stretching  the  elastic  discs  in  the  later  than  in 
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the  earlier  stages  of  contraction,  and  this  part  will  appear  not 
as  external  work,  but  as  internal  heat.  Hence  the  greater 
economy  of  small  contractions  as  compared  with  large  ones. 
Probably  other  factors  besides  play  a part  in  determining  the 
greater  force  of  the  early  part  of  a contraction.  Thus,  if  the 
setting  free  of  acid  in  the  sarcomeres  is  very  sudden,  practically 
instantaneous,  there  will  be  developed  a certain  hunger  for  water, 
or  power  of  attracting  water,  which  becomes  feebler  as  it  becomes 
more  and  more  satisfied  in  the  earlier  stages  of  contraction.  It 
seems  probable  also,  from  a consideration  of  the  conditions,  that 
the  distending  force  must  act  on  the  walls  of  the  sarcomeres  at 
a greater  mechanical  advantage  in  the  early  than  in  the  later 
stages  of  contraction. 

The  facts  of  summation  of  stimuli  are  very  fully  explicable  in 
terms  of  this  hypothesis.  When  a second  stimulus  is  thrown 
into  a muscle  before  the  contraction  due  to  a former  stimulus  of 
the  same  strength  has  passed  away,  the  second  contraction  rises 
from  that  point  on  the  curve  of  the  first  contraction  at  which  it 
is  thrown  in,  as  from  a new  base  line,  but  does  not  rise  quite  so 
high  as  it  would  from  the  normal  base  line  (II.,  p.  117).  Thus, 
in  fig.  5 (copied  from  Helmholtz),  if  the  second  stimulus  be 
thrown  in  at  b,  the  second  contraction  rises  almost  to  an  equal 
height  with  the  first  one.  For  at  the  point  of  time  b,  the 
sarcomeres  of  the  muscle  are  distended  with  the  whole  of 
the  additional  fluid  that  has  passed  in  as  the  result  of 
the  setting  free  of  acid  at  the  point  a,  while  the  acid  itself 
has  mostly  escaped,  so  that  it  can  no  longer  hold  this  addi- 
tional fluid  in  the  sarcomeres.  When  at  this  point,  b,  a second 
quantity  of  acid  equal  to  the  first  is  set  free,  the  escape  of  the 
additional  fluid  already  present  is  prevented,  and  the  entrance  of 
a second  quantity  equal  to  the  first  is  determined.  But,  as  we 
have  already  seen  reason  to  believe,  the  distending  force  acts  at 
less  advantage  when  the  sarcomeres  are  already  partially  con- 
tracted, and  so  the  second  rise  is  not  quite  so  high  as  the  former 
one.  Just  in  the  same  wTay,  when  a second  stimulus  is  thrown 
in  at  any  point  on  the  descending  part  of  the  curve,  the  further 
escape  of  the  additional  fluid  is  arrested,  and  the  entrance  of  a 
second  quantity  is  determined,  and  the  contraction  rises  to  a 
height  corresponding  to  the  sum  of  these  two  quantities  of  addi- 
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tional  fluid.  When  the  second  stimulus  is  thrown  in  at  a point 
on  the  ascending  part  of  the  curve  of  the  former  contraction  (g 
in  fig.  5),  tire  acid  set  free  at  that  point  begins  to  escape  in  the 
same  way  as  that  liberated  by  the  former  stimulus  ; and  so.  after 
an  interval  g-h,  equal  to  the  interval  a b,  it  has  diminished  in 
quantity  to  the  point  at  which  it  can  no  longer  hold  the  addi- 
tional fluid.  The  height  of  the  contraction  therefore  represents 
the  amount  of  fluid  that  passes  in  during  the  time  a h.  The 
curve  of  relaxation  we  may  regard  as  consisting  of  the  two  parts 
h i and  i 1c , the  former  representing  the  escape  of  the  additional 
fluid  that  has  passed  in  during  the  period  g h,  the  latter  that  of 
the  fluid  that  passed  in  during  the  period  a g. 

The  contraction  resulting  from  the  summation  of  two  or  more 
stimuli,  each  of  which  alone  is  subliminal,  such  as  occurs  in 

jf 


crab’s  muscle  (II.,  p.  117),  demands  a different  explanation.  It 
must  be  supposed  that  the  acid  set  free  by  the  first  stimulus 
is  insufficient  to  cause  a flow  of  fluid  into  the  sarcomeres,  but 
that  when  a second  stimulus  follows  after  the  first  before  the 
acid  liberated  by  the  first  has  had  time  wholly  to  escape,  then  the 
percentage  of  acid  in  the  sarcomeres  is  large  enough  to  cause 
the  inflow  of  fluid,  and  contraction  results. 

There  is  a group  of  phenomena — the  staircase,  fatigue  in  excised 
muscles,  the  effects  of  deprivation  of  circulation,  etc. — which 
seem  to  be  all  explicable  by  means  of  one  not  improbable 
assumption.  I have  said  that  the  sarcoplasm  probably  contains 
a stock  of  alkaline  substances  which,  in  a fresh  muscle,  are 
hungry  for  the  acid  products  of  the  sarcomeres,  and  that  after 
contraction  they  take  up  the  acids,  probably  in  the  form  of  car- 
bonic acid,  and  pass  them  on  to  the  lymph  and  blood.  That 
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there  is  some  such  storage  of  CO,  is  made  almost  certain  by  the 
observation  by  Mr  Fletcher  of  the  fact  that  a simple  contraction 
or  a few  simple  contractions  do  not  cause  any  increase  in  the 
amount  of  C02  that  is  being  given  off  by  an  excised  muscle, 
while  immersion  in  very  dilute  acid  does  cause  the  giving  oil  of 
an  increased  quantity  of  CO,  during  the  first  few  minutes.  It 
is  clear  that  if  relaxation  depends  upon  the  escape  of  the  acids, 
and  this  escape  depends,  as  it  must,  upon  the  state  of  the  sarco- 
plasm, then  in  an  excised  muscle,  on  repeated  contraction,  the 
alkalinity  of  the  sarcoplasm  must  diminish,  its  hunger  for  the 
acids  must  be  partially  satisfied,  and  the  acids  will  then  escape 
from  the  sarcomeres  less  rapidly.  We  see  hero,  then,  the  ex- 
planation of  the  lengthening  of  the  curve  of  relaxation  through 
fatigue  in  excised  muscles,  while  the  curve  of  shortening  remains 
unaltered.  The  cutting  off  the  circulation  through  the  vessels 
of  a muscle  is  said  to  affect  the  curve  of  its  contraction  in  just 
the  same  way,  and  a similar  explanation  seems  to  apply  to  this 
case.  The  slow  metabolism  of  the  resting  muscle,  on  which  its 
tone  may  be  supposed  to  depend,  must  lead,  in  the  absence  of 
the  circulation,  to  a partial  saturation  of  the  sarcoplasm  with 
the  waste  products  of  the  sarcomeres.  The  acids  will  then  no 
longer  escape  from  the  sarcomeres  so  rapidly  as  in  a muscle  from 
which  the  circulating  blood  continually  carries  the  C0.2  and 
other  waste  products  away  from  the  sarcoplasm. 

Fatigue  of  this  kind  may  be  in  some  degree  removed  by  the 
circulation  of  a simple  saline  solution  (which  presumably  acts 
by  washing  out  the  acid  waste  products),  and  Itanke  has  shown 
that  by  injecting  an  extract  of  fatigued  muscle,  fatigue  symptoms 
may  be  produced.  He  has  further  shown  that  the  active  sub- 
stances concerned  are  CO,  lactic  acid,  and  acid  sodium  phos- 
phate ; and  Hermann  has  pointed  out  that  other  acids  wi 
produce  similar  symptoms,  and  that  weak  alkalies  will  remove 
these  symptoms  (L,  s.  23).  When  a muscle  with  intact  circula- 
tion is  repeatedly  stimulated,  fatigue  is  manifested  by  a diminu- 
tion of  the  height  of  the  curve  of  contraction : it  may  m this 
case  perhaps,  be  regarded  as  chiefly  due  to  a using  up  of  the 
reserve  substances  on  whose  metabolism  contraction  depends. 
r,nt  all  the  facts  quoted  above  support  my  suggestion  that  the 
fatigue  symptoms  of  excised  muscle  are  due  to  the  accumulation 
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of  acids  in  the  sarcoplasm  of  the  muscle.  My  hypothesis,  then, 
explains  the  ‘modus  operandi’  of  this  accumulated  acid,  and 
brings  together,  as  effects  of  this  one  cause,  a long  series  of 
phenomena,  the  relations  between  which  have  hitherto  been 
quite  obscure.  For  assuming,  as  we  have  seen  reason  for  doing, 
that  the  rapidity  of  escape  of  acid  from  the  sarcomeres  depends 
upon  the  capacity  of  the  sarcoplasm  to  take  it  up  readily,  and 
that  this  capacity,  in  turn,  depends  upon  the  presence  of  a certain 
store  of  alkaline  substance  in  the  sarcoplasm,  then  it  is  clear 
how  the  accumulation  of  acid  in  the  sarcoplasm  must  diminish 
its  capacity  for  taking  up  more  acid,  and  so  make  the  escape  of 
acid  from  the  sarcomeres  less  rapid. 

We  may  now  apply  this  conception  of  the  processes  under- 
lying the  fatigue  of  excised  muscle  to  the  detailed  explanation 
of  a series  of  phenomena.  And  we  may  begin  by  a mention  of 
the  ‘ verkurzung-rtickstaud.’  When  a muscle  is  weighted  with 
a very  small  load,  the  curve  of  its  contraction  returns  to  the 
base  line  only  very  slowly.  This  long  continued  slight  degree 
of  contraction  is  what  Hermann  has  called  the  ‘ verkiirzungs- 
riickstand.’  When  an  excised  muscle  has  been  made  to  con- 
tract several  times  in  rapid  succession,  the  amount  of  this 
residual  contraction  is  much  greater  and  persists  much  longer 
and  is  called  ‘contracture’  (I.,  s.  23).1  The  ‘ verkiirzungs- 
riickstand  ’ may  be  explained  by  supposing  that  the  rate  of 
escape  of  the  acid  from  the  sarcomeres  during  relaxation  pro- 
gressively diminishes,  so  that  the  last  quantities  escape  only 
very  slowly,  and  so  a part  of  the  additional  fluid  absorbed  by 
the  sarcomeres  during  contraction  escapes  only  very  slowly 
also. 

Then,  in  an  excised  muscle  the  acid  taken  up  by  the  sarco- 
plasm in  a first  contraction  does  not  escape  from  it,  and  the 
readiness  of  the  sarcoplasm  to  take  up  more  acid  is  thereby 
diminished.  The  acid  causing  a second  contraction  therefore 
escapes  less  rapidly  than  that  which  caused  the  first  one,  and 
the  ‘ verkiirzungs-ruckstand ’ is  therefore  larger.  And  with 
each  succeeding  contraction  the  readiness  with  which  the 
sarcoplasm  will  take  up  more  acid  is  diminished,  and  the  escape 
of  acid  from  the  sarcomeres  is  therefore  less  rapid  and  the 

Bicilermann  uses  this  word  in  another  sense. 
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1 verkiimings-riickstand  ’ greater,  until  it  is  so  marked  as  to 
deserve  the  name  ‘ contracture.’ 

The  phenomenon  of  the  ‘ staircase  ’ seems  to  be  another  effect 
of  this  accumulation  of  acid  in  the  sarcoplasm,  and  consequent 
slower  escape  of  acid  and  water  from  the  sarcomeies.  The 
curve  of  fig.  6 illustrates  this  phenomenon  in  the  case  of  an 
excised  frog’s  muscle.  Each  contraction  in  a closely  following 
series  is  higher  than  the  immediately  preceding  contraction, 
and  after  a short  interval  the  first  contraction  of  a second  series 
is  lower  than  the  last,  but  higher  than  the  first,  of  the  former 
series.  In  each  series,  each  contraction  leaves  in  the  sarcomeres 
a certain  residuum  of  acid  and  additional  water  which  determine 
the  ‘ verkiirzungs-ruckstand.’  And  each  contraction  leaves  the 
sarcoplasm  less  ready  to  take  up  more  acid:  the  escape  of  acid 
in  each  contraction  will  therefore  be  less  rapid  than  in  the  pre- 
ceding contraction,  and  the  residual  amount  in  the  sarcomeres 
will  be  greater.  Each  contraction-curve  will  therefore  start 


from  a higher  base  line,  and  in  so  far  will  tend  to  be  higher 
than  its  predecessor.  But  there  is  another  factor  tending 
towards  the  same  end.  Since  the  escape  of  acid  from  the 
sarcomeres  is  slower,  a longer  time  must  elapse  after  the  pom 
at  which  the  acid  was  set  free  before  the  quantity  o it  m th 
sarcomeres  is  insufficient  to  attract  more  water.  The  passage 
of  water  into  the  sarcomeres  will  therefore  continue  for  a longer 
period,  the  amount  that  passes  in  must  be  greater,  and  there- 
fore the  curve  of  contraction  must  be  higher. 

In  exactly  the  same  way,  we  may  explain  the  fact  that  a 
stimulus  will  cause  a higher  rise  of  the  "trou-cunre  aftm 
a short  tetanus  than  one  of  the  same  strength  thrown  in  befoie 

'^Tetanus^results  when  stimuli  follow  one  another  at  such  a 
rate  that  each  one  arrives  before  the  contraction  caused  bj  the 
preceding  one  has  passed  away.  A ' staircase  series  of  con 
Lotions  may  be  regarded  as  the  most  incomplete  form  of 
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tetanus.  In  a complete  tetanus,  the  contraction-curve  rises 
higher  than  that  of  a simple  contraction  clue  to  the  most  power- 
ful stimulus,  and  there  are  no  oscillations  of  the  curve.  We 
must  suppose  that  each  succeeding  stimulus  sets  free  a fresh 
quantity  of  acid  in  the  sarcomeres,  while  the  acid  of  the  pre- 
ceding stimulus  is  still  causing  an  inrush  of  fluid.  There  is 
therefore  maintained  such  a degree  of  acidity  of  the  contents 
of  the  sarcomeres  as  will  tend  to  cause  a constant  inflow  of 
fluid ; and  when  a maximal  contraction  is  reached,  will  determine 
its  persistence.  “ The  height  of  the  tetanus-curve  grows  with 
the  strength  of  excitation,  or,  where  this  is  constant,  with  its 
frequency.  The  steepness  of  the  rise  alters  in  the  same  pro- 
portions ” (II.,  p.  121);  for,  with  increased  strength  or  frequency 
of  excitation,  the  degree  of  acidity  of  the  contents  of  the  sarco- 
meres must  be  maintained  at  a higher  level. 

It  seems  impossible  to  draw  any  sharp  line  between  ‘con- 
tracture ’ and  natural  ‘ rigor.’  For  if  an  excised  muscle,  whose 
circulation  has  been  cut  off,  be  repeatedly  tetanised,  the  curve 
of  relaxation  becomes  more  and  more  prolonged,  until  there  is 
no  perceptible  relaxation,  and  this  condition  seems  to  pass 
imperceptibly  into  ‘ rigor.’  I would  therefore  regard  natural 
‘ rigor  ’ as  an  extreme  state  of  fatigue,  and  as  due  to  the  same 
cause  as  the  prolongation  of  the  curve  of  relaxation  in  the 
fatigue  of  excised  muscle,  namely,  the  accumulation  of  acid  in 
the  sarcoplasm.  We  must  suppose  that  in  an  excised  muscle 
metabolism  continues  at  a slow  rate.  The  waste  products  must 
then  accumulate  in  the  sarcoplasm,  and  sooner  or  later  a time 
must  come  at  which  the  capacity  of  the  sarcoplasm  for  taking 
up  and  fixing  more  acid  is  abolished.  If  the  slow  metabolism 
in  the  sarcomeres  then  continues,  the  acid  produced  must 
accumulate  in  the  sarcomeres,  and  will  then  reach  such  a degree 
of  concentration  as  results  from  a stimulus  applied  to  the 
muscle.  Fluid  will  then  pass  into  the  sarcomeres  from  the 
sarcoplasm  and  cause  contraction  ; and  since  there  is  no  way  of 
escape  for  the  acid,  this  additional  fluid  will  remain  in  the 
sarcomeres,  and  the  state  of  contraction  will  persist.  In  a late 
stage  of 4 rigor  mortis  ’ there  is  probably  a much  more  profound 
alteration  of  the  chemical  constitution  of  the  muscle,  notably 
the  formation  of  myosin ; but  that  there  is  no  such  change  in 
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the  early  stages  of  ‘ rigor  mortis’ is  indicated  by  the  fact  that 
it  may  be  abolished  by  the  circulation  of  serum  through  the 
vessels  of  the  muscle  (I.,  s.  146),  just  as  the  acid-rigor  may  be 
abolished  by  soaking  the  muscle  in  saline  solution.  That  there 
is  no  great  sudden  chemical  change  accompanying  the  onset  of 
‘ rigor  mortis  ’ is  indicated  by  observations  made  by  Mr  Fletcher 
of  the  rate  at  which  C02  is  given  off  by  a muscle  from  the  time 
of  its  excision  till  the  time  of  its  death.  He  finds  that  the 
curve  indicating  this  rate  at  successive  intervals  of  time  after 
excision  has  very  constantly  some  such  form  as  that  in  fig.  7. 
I must  pass  without  discussion  the  interesting  features  of  the 
first  part  of  this  curve,  and  merely  state  that  the  contraction  of 
‘ rigor  mortis  ’ occurs  at  a time  corresponding  to  some  part  of 
the  level  plateau,  and  that  there  occurs  at  this  time  no  increase 


in  the  rate  of  escape  of  CO.,.  These  observations,  therefore, 
support  very  strongly  my  view  of  the  nature  of  the  contraction 
of  ‘ rigor  mortis,’  for  they  indicate  the  continuance  of  a constant 
slow  chemical  change  of  a nature  similar  to  normal  metabolism, 
and  the  occurrence  of  contraction  when  this  change  has  con- 
tinued for  a certain  time.  The  contraction  would  therefore 
seem  lo  be  an  effect  of  the  accumulation  of  the  products  of  the 
slow  chemical  change.  The  c modus  operandi  ’ of  those  accumu- 
lated products  I have  already  suggested. 

This  view  of  the  nature  of  the  early  stage  of  ‘ rigor  mortis  ’ is 
further  borne  out  by  the  fact  that  heat,  and  everything  that 
favours  a rapid  metabolism,  hastens  the  onset  of  ligoi,  while 
cold  delays  it,  and  that  previous  fatigue  also  powerfully  favours 
the  rapid  onset  of  ‘rigor’;  for  these  are  factors  that  tend  to 
cause  an  accumulation  of  acids  in  the  muscle. 
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The  nature  of  water-rigor  and  the  process  of  its  abolition  by 
means  of  2 per  cent.  NaCl  solution  I have  already  discussed,  and 
have  indicated  my  view  of  the  processes  concerned. 

The  view  here  adopted  of  the  influence  on  contraction  of  the 
waste  products  of  metabolism  finds  confirmation  in  the  fact  that 
those  muscles  of  which  very  rapidly  succeeding  distinct  contrac- 
tions are  required,  contain  a relatively  very  large  amount  of 
sarcoplasm,  and  elaborate  arrangements  for  carrying  off  the 
waste  products  of  metabolism.  Thus  the  insect’s  wing  muscle 
has  a very  large  amount  of  sarcoplasm  which  is  permeated  in  all 
its  parts  with  a very  dense  network  of  fine  air-tubes.  These 
tubes  constitute  a very  perfect  system  for  carrying  carbonic  acid 
away  from  the  sarcoplasm.  So  also  the  fibres  of  the  muscles  of 
the  bat’s  wing  contain  a very  large  amount  of  sarcoplasm,  and 
are  very  slender ; and  each  one  of  these  slender  fibres  is  sur- 
rounded by  an  extraordinarily  dense  network  of  capillary  blood- 
vessels. 

It  is  generally  agreed  that  a satisfactory  theory  of  muscular 
contraction  must  be  capable  of  affording  explanations  not  only 
of  the  contraction  of  striated  muscle,  but  also  of  that  of  plain 
muscle  fibres,  and  of  the  movements  of  cilia  and  amoeboid 
protoplasm. 

I do  not  at  present  see  how  my  theory  of  contraction  can  be 
applied  to  the  explanation  of  the  contraction  of  plain  muscle, 
and  I am  inclined  to  believe  that  this  is  due  to  our  ignorance 
of  some  definite  structure  that  exists  in  these  fibres.  There 
has  been  described  a regular  transverse  striation  in  muscle  fibres 
classed  as  smooth,  and  I have  been  able  to  make  out  indications 
of  transverse  markings  in  the  fibres  of  the  frog’s  bladder,  by  the 
application  of  Eollett’s  negative  gold  staining  process.  But, 
hitherto,  I have  endeavoured  in  vain  to  obtain  more  evidence 
of  definite  structure  in  plain  muscle. 

The  movement  of  cilia  may  possibly  be  explained  as  the 
result  of  just  such  a process  as  I have  suggested  to  be  the  cause 
of  muscular  contraction.  If,  as  Schaefer  has  suggested,1  a cilium 
is  a hollow  tubule,  of  whose  wall  one  side  is  more  easily  exten- 
sible than  the  other,  and  if  the  cavity  of  this  tubule  is  shut  off 
by  a permeable  membrane  from  the  general  cell  substance,  then 

1 Proc.  Roy.  Soc  , vol.  xlix. 
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we  may  suppose  that  the  bending  of  the  cilium  is  the  result  of 
the  sudden  production  of  acid  in  the  contents  of  the  tubule,  and 
the  consequent  passage  of  fluid  into  the  tubule  from  the  general 
cell  substance;  for  such  an  inflow  of  fluid  in  distending  the 
cavity  would  cause  an  extension  of  the  more  extensible  side  of 
the  wall  of  the  tubule,  and  therefore  a bending  of  the  tubule 
towards  the  opposite  side.  The  water-rigor  of  cilia  would  also 
be  explicable  on  just  the  same  lines  as  that  of  muscle. 

To  extend  this  theory  of  contraction  to  the  explanation  of 
protoplasmic  movement  is  a task  that  seems  full  of  difficulty, 
yet  I think  that  Biitschli’s  demonstration  of  the  existence  of 
alveolar  structure  in  so  many  different  kinds  of  protoplasm 
affords  an  indication  of  the  lines  along  which  the  explanation 
is  to  be  sought.  If  any  part  of  the  protoplasm  of  an  amoeba 
is  similar  in  constitution  to  the  contents  of  the  sarcomeres 
of  muscle,  then  the  setting  free  of  minute  quantities  of  acid 
in  those  parts  would  be  an  efficient  cause  of  movement  of 
fluid  towards  that  part.  It  may  be  that,  on  stimulation  of 
some  spot  on  the  surface  of  a lobose  pseudopodium  of  the 
amoeba,  acid  is  set  free  by  chemical  decomposition  in  the  sub- 
stances occupying  the  alveoli  of  that  part,  and  that  these  then 
exert  so  strong  an  attraction  for  the  fluids  of  the  cell  body  that 
the  whole  cell  flows  towards  the  stimulated  part,  so  that  the 
pseudopodium  becomes  retracted. 

In  the  linear  series  of  alveoli  that  Biitschli  has  described  in 
the  contractile  threads  of  certain  infusoria,  we  may  perhaps  see 
the  first  step  in  the  evolution  of  the  cylindrical  sarcostyle. 

In  concluding,  I wish  to  thank  Mr  W.  M.  Fletcher  very 
heartily  for  permission  to  make  use  of  his  unpublished  observa- 
tions. 
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RANGE  OF  MEDICAL  GYMNASTICS 

IN  THE 

TREATMENT  OF  DISEASE. 


The  value  of  medical  gymnastics  in  the  treatment  of  the 
slighter  cases  of  lateral  curvature  of  the  spine  is  generally 
recognised.  Even  in  the  more  severe  forms  in  which  osseous 
deformity  has  occurred  to  such  an  extent  as  to  be  necessarily 
permanent,  the  application  of  such  measures  is  to  an  increas- 
ing extent  replacing  the  older  treatment  by  mechanical  sup- 
ports. In  these  cases  it  is  of  course  impossible  to  reduce  the 
deformity,  but  the  possibility  of  considerably  alleviating  the 
patient’s  condition  by  suitable  exercises  can  be  to  a large 
extent  realised.  In  the  first  place  the  use  of  supports  is  rendered 
unnecessary,  even  though  these  may  have  been  worn  for  years. 

I have  recently  had  under  my  care  a gentleman,  jet.  27, 
with  marked  lateral  curvature,  sent  to  me  by  Dr  Alex.  Napier. 
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He  had  worn  mechanical  supports  of  plaster,  poroplastic  or 
steel,  for  fourteen  years,  and  had  been  quite  unable  to  carry 
on  his  business  without  them.  After  three  months’  daily 
treatment  he  was  able  to  dispense  with  the  use  of  all  supports, 
and  after  a period  of  a year  and  a half  there  is  no  relapse. 
Further,  the  result  in  this  case  illustrates  another  advantage 
attending  this  method  of  treatment.  By  education  of  the 
patient,  he  is  taught  to  carry  himself  in  such  a manner  that 
the  deformity  is  much  less  conspicuous,  whilst  the  improved 
muscular  condition  renders  the  retention  of  this  improved 
position  easily  possible.  This  of  course  implies  that  the 
muscles  of  the  back  have  been  strengthened  and  improved  in 
tone,  so  that  the  tendency  of  the  curvature  to  increase  is 
removed.  The  pain  and  wearied  feeling  in  the  back  from 
which  the  patient  previously  suffered  are  now  altogether 
absent,  and  the  general  health  and  well-being  have  been  con- 
spicuously promoted. 

I quote  this  case,  not  as  a mere  exceptional  instance,  but 
rather  for  the  purpose  of  emphasising  the  practical  benefits 
which  follow  the  use  of  medical  gymnastics,  even  in  extreme 
and  long  continued  cases  of  spinal  curvature. 

The  same  principles  apply  to  the  cases  of  young  ladies,  in 
whom  the  use  of  mechanical  supports  is  sometimes  sup- 
plemented by  a recommendation  to  recline  for  several  hours 
daily  on  a flat  board. 


In  the  Treatment  of  Disease  5 

One  of  the  most  striking  instances  of  this  that  I have  had 
under  my  care  is  that  of  a young  lady,  ast.  1 8,  sent  to  me  eight 
years  ago  by  Dr  Finlayson.  She  had  for  several  years  been 
following  out  the  treatment  just  referred  to,  but  with  such 
unsatisfactory  results  that  in  despair  she  had  retired  to  bed 
with  the  conviction  that  she  would  never  be  able  to  rise  again. 
The  steel  supports  she  was  using  were  a burden  beyond  her 
strength,  and  yet  she  could  neither  sit  upright  nor  walk  with- 
out them.  Muscular  exercises  were  commenced  in  a very 
mild  form  and  with  the  patient  in  the  recumbent  posture,  the 
supports  being  discontinued  from  the  outset.  The  exercises 
were  gradually  extended  until  walking  became  possible,  and 
at  present  she  is  healthy  and  vigorous,  and  was  able,  on  a 
recent  occasion,  to  ascend  Goatfell. 

These  and  similar  cases  have  led  me,  even  in  the  worst 
instances,  to  urge  with  confidence  the  adoption  of  medical 
gymnastics,  and  the  entire  discarding  of  mechanical  supports. 
My  experience  has  been  uniform  that  this  line  of  procedure, 
so  ably  advocated  by  Mr  Bernard  Roth,  F.R.C.S.,  of  London, 
is  fully  adequate  to  secure  the  improvement  and  comfort  of 
the  patient,  even  though  the  deformity  has  reached  such  a 
degree  that  its  complete  removal  is  impossible. 

The  range  of  medical  gymnastics  is,  however,  by  no  means 
confined  to  the  treatment  of  lateral  curvature,  and  I propose  to 
illustrate  this  statement  by  quoting  from  my  case-book  records 
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of  various  conditions  in  which  I have  found  them  of  decided 
value. 

I take  in  the  first  instance  one  of  numerous  cases  of  such  a 
common  condition  as  anaemia  with  obstinate  constipation  and 
amenorrhcea. 

Miss  A.,aet.20,  sent  to  me  by  Dr  Finlayson.was  suffering  from 
severe  anaemia,  constipation  and  amenorrhcea.  These  symptoms 
had  been  present  for  several  years,  and  had  resisted  ordinary 
medicinal  treatment.  To  meet  the  constipation  she  had  been  in 
the  habit  of  taking  half  an  ounce  of  liquid  extract  of  cascara 
sagrada  per  diem,  and  had  menstruated  on  only  three  occasions 
during  the  past  ten  months.  Under  the  use  of  massage  of  the 
abdomen  and  of  regulated  exercises  for  two  months,  her  general 
condition  had  much  improved,  and  a daily  action  of  the  bowels 
was  obtained  by  one  grain  of  pil.  aloes  et  myrrhae  thrice  daily. 
After  a short  residence  in  the  country,  menstruation  became  quite 
regular,  and  no  laxative  or  other  medicines  were  required. 

The  results  in  this  case  could  scarcely  have  been  obtained 
by  the  usual  medicinal  methods,  and  it  may  be  remarked  as 
of  considerable  practical  moment  that  removal  of  the  constipa- 
tion which  was  here  so  successfully  accomplished  does  not,  in 
my  experience,  follow  mere  massage  of  the  abdomen.  It  is 
essential  that  this  should  be  combined  with  exercises  calculated 
to  promote  an  improvement  in  the  tone  of  the  abdominal 
muscles,  and  indeed  of  the  muscular  system  generally.  The 
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improved  condition  of  the  blood,  as  demonstrated  by  the 
appearance  of  the  patient,  and  the  re-establishment  of  the 
menstrual  function,  was  no  doubt  partly  due  to  the  more  regular 
habit  of  the  bowels,  and  to  the  better  appetite  and  more  perfect 
digestion.  But  in  addition,  it  is  to  be  noted  that  an  important 
effect  of  the  exercises  is  to  greatly  increase  the  respiratory 
capacity,  and  so  to  secure  proper  aeration  of  the  blood.  The 
value  of  exercises  in  this  direction  may  be  specially  observed 
in  cases  of  the  recession  of  the  chest  wall,  which  so  frequently 
follows  attacks  of  pleurisy  accompanied  by  effusion.  The 
following  is  an  instance  :• — 

Miss  C.,  set.  23,  had  an  attack  of  left  pleurisy  in  April  1896, 
for  which  she  was  tapped,  2\  pints  of  fluid  being  removed. 
She  was  sent  to  me  on  November  3rd,  1896,  by  Dr  Finlayson, 
when  there  was  flattening  of  the  left  chest  and  a spinal  curvature. 
Respiratory  movements  over  the  left  side  very  weak,  spirometer 
indicated  1 1 5 cubic  inches.  After  six  weeks’  treatment  the 
curvature  disappeared,  the  left  chest  was  increased  in  girth,  and 
moved  freely  ; respiratory  murmur  abundant.  Spirometer,  145 
cubic  inches. 

The  improvement  here  was  no  doubt  largely  due  to  the 
increased  efficiency  of  the  left  chest  and  the  accompanying 
expansion  of  the  left  lung.  But  in  addition,  there  was  much 
more  perfect  action  of  all  the  respiratory  muscles,  and  this  I 
attribute  largely  to  education  in  the  use  of  these  muscles,  espe- 
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dally  in  the  proper  use  of  the  diaphragm.  It  is  observed  only  too 
frequently  that  the  respiratory  movements  in  many  patients  are 
inadequately  performed  as  a result  of  ignorance,  and  one  of 
the  most  important  considerations  to  be  borne  in  mind  in  the 
use  of  medical  gymnastics  is  the  promotion  of  such  employ- 
ment of  the  muscles  which  act  upon  the  chest  wall  as  to  secure 
the  development  of  an  increased  respiratory  capacity. 

The  beneficial  effects  of  this  improvement  are  manifested  in 
many  directions.  1 hus  weakly  children  with  a tendency  to  the 
development  of  frequent  attacks  of  bronchial  catarrh  may  be 
observed  under  treatment,  not  only  to  develop  a healthy 
appetite  with  improvement  in  their  general  condition,  but  in 
particular  to  lose  this  unfortunate  tendency  to  catarrh. 

There  are  also  many  cases  in  which  the  action  of  exercises 
upon  the  nervous  system  is  seen  to  be  of  great  value. 

In  the  first  place  such  definite  conditions  as  chorea,  asthma, 
nocturnal  incontinence  of  urine,  and  cases  of  cardiac  irregularity, 
repeatedly  improve  or  entirely  disappear  under  the  use  of 
medical  gymnastics,  a result  which  doubtless  :is  explained  by 
an  increase  in  the  tone  and  stability  of  the  nerve  centres. 

The  same  influence  is  manifested  in  the  removal  of  func- 
tional paralysis,  hysterical  tendencies,  and  of  morbid  and  intro- 
spective mental  habits,  and  my  experience  convinces  me  that 
the  Weir  Mitchell  treatment  often  applied  in  these  cases  does 
not  produce  a permanent  result  unless  supplemented  by  the 
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discipline  of  active  exercises.  On  more  than  one  occasion  I 
have  seen  a patient  gain  weight  and  mental  balance  from  the 
Weir  Mitchell  treatment,  only  in  the  course  of  a few  weeks  to 
relapse  into  her  former  unhappy  condition.  Hence  it  is  now 
my  invariable  practice  to  add  to  the  usual  routine  of  isola- 
tion, over-feeding  and  massage,  the  pursuit  of  medical 
gymnastics. 

The  benefit  of  active  exercises  is  also  to  be  observed  in 
various  abnormal  conditions  of  the  peripheral  nerves.  One  of 
the  most  extreme  of  these  is,  of  course,  peripheral  neuritis, 
which  is  fortunately  susceptible  of  complete  and  permanent 
cure.  I have  had  a marked  instance  of  this  during  the  past 
two  years. 

M.  P.,  set.  31,  was  brought  to  this  country  from  abroad  in 
Feb.  1895,  in  consequence  of  paralysis  affecting  all  his  limbs. 
The  muscular  atrophy  was  extreme  and  the  paralysis,  at  least 
of  the  lower  limbs,  absolute.  The  degree  of  tenderness  was 
also  a marked  feature  in  the  case,  and  this  for  a time  confined 
the  treatment  to  the  feeding  and  nursing  of  the  patient.  He 
v as  seen  by  Dr  C.  O.  Hawthorne,  who  corroborated  the  diag- 
nosis. Gradually,  gentle  massage  was  introduced  with  passive, 
and  subsequently  active,  exercises.  The  range  of  the  latter  was 
for  some  time  very  limited,  but  as  the  power  of  the  muscles 
improved,  more  extensive  and  numerous  exercises  were  practised, 
and  after  many  months  the  patient  was  able  to  walk,  and  has 
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now  returned  to  his  business  in  the  colonies  in  a normal 
condition  of  health. 

The  slighter  but  still  very  troublesome  affections  of  the 
peripheral  nerves,  eg.,  sciatica  and  facial  and  other  neuralgias, 
are  also  very  amenable  to  mechanical  treatment.  In  these 
cases  I employ  Liedbeck’s  vibrator,  as  I have  seen  this  used 
in  his  Institute  in  Stockholm.  The  rapidity  of  the  effect  is 
often  a marked  feature  of  this  method  of  treatment.  A pro- 
fessional friend,  who  had  been  suffering  from  sciatica  for  several 

weeks,  was  recently  as  surprised  as  he  was  gratified  to  experi- 

\ 

ence  marked  relief  after  one  application  of  the  vibrator  with 
exercises  flexing  the  hip  joint,  and  complete  cure  upon  repetition 
of  the  treatment  for  five  successive  days.  I have  also  found 
the  vibrator  of  great  service  in  the  treatment  of  such  an 
obstinate  condition  as  hysterical  aphonia.  It  is  easily  applied 
and  is  not  disagreeable  to  the  patient,  and  even  a few  applica- 
tions are  usually  sufficient. 

Similar  principles  are  applicable  in  cases  of  lumbago,  and  in 
those  vague  pains  in  the  back,  so  common  in  women,  who  may 
be  quite  free  from  uterine  disease.  I have  seen  a number  of 
cases  of  this  kind,  one  of  which,  a severe  case  of  lumbago  sent 
to  me  by  Dr  Crawford  Renton,  was  completely  relieved  after 
two  applications  of  the  vibrator  followed  by  massage  and  exercise 
of  the  lumbar  muscles. 

After  a not  inconsiderable  experience  my  conviction  is  strong 
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that  the  field  of  therapeutics  offered  by  medical  gymnastics  may 
with  advantage  be  more  extensively  cultivated  than  is  perhaps 
the  usual  habit  of  the  profession.  The  success  of  this  treatment 
in  Sweden  and  other  countries  is  a striking  demonstration  of 
its  value,  and  of  the  necessity  that  in  order  to  be  efficient  the 
exercises  must  be  carefully  selected  according  to  the  wants  of 
each  particular  case,  and  must  be  applied  with  judgment  and 
discrimination. 
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Address  to  the  Graduates  in  Medicine 

25 th  July , 1895 


Graduates  in  Medicine  op  Glasgow  University, 

It  has  fallen  to  me  to  speak  to  you  the  last  words 
which  you  are  to  hear,  officially,  within  these  familiar  walls. 
It  is  a difficult  task  to  say  something  fitting,  in  view  of 

your  position,  and  of  the  unwonted  state  of  feeling  which 
must  possess  you. 

By  the  interesting  ceremony  which  we  have  just  wit- 
nessed, you  have  been  transformed  from  students  into 
practitioners  of  medicine,  and  this  proud  title  you  are 
henceforth  to  bear.  It  is  a time  when  one  naturally  gives 
a glance  backwards,  but  when  an  anxious  scrutiny  into 
the  future  is  still  more  natural.  You  have  finished  your 
course  as  students,  and  the  events  of  these  busy  vears  have 
woven  themselves  into  the  texture  of  your  lives.  They 
are  there  indelibly,  and  form,  in  great  part,  the  fundamental 
pattern  on  which  the  rest  of  your  lives  will  be  woven. 

our  friendships,  the  manner  of  your  work,  the  energy 
you  have  put  into  your  work,  the  degree  of  conscientious 
endeavour  which  you  have  shown,  the  amount  of  time 
wasted,  the  habits  of  industry  which  you  have  acquired 
or  only  partially  acquired— these  and  a thousand  other 
influences,  which  are  now  past  in  time,  are  present  in  the 
very  tissue  of  your  minds  and  characters,  and  must  remain 
there  for  good  or  lor  bad. 

Most  of  you  have  been  banded  together  during  four 
eventful  years,  and  now,  seated  together  for  the  last  time, 
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you  look  round  on  one  another,  and,  identifying  this  one 
and  that  one  because  of  some  distinctive  characteristics,  you 
cast  forward  in  your  minds  and  wonder  what  the  future 
will  bring,  and  how  the  past  will  appear  in  the  future.  As 
you  look  round  on  those  whom  you  know  so  well,  and  try 
to  sum  up  their  student  lives,  you  think  of  a time,  it  may 
be  many  years  hence,  when  you  may  meet  one  or  other,  and 
when  you  will  scan  their  features  for  some  traces  of  the 
familiar  aspect.  There  will  be  great  changes  as  time  goes 
on,  in  figure,  countenance,  general  appearance.  There  will 
be  changes  also  in  the  inner  man,  but  I think  these  will 
be  much  less  considerable  than  in  the  outward  appearance. 
There  will,  no  doubt,  be  development,  expansion  of  ideas, 
growth  in  directions  which  are  only  indicated  at,  present; 
but  the  likelihood  is  that  you,  to-day,  know  the  man  as 
he  will  be  almost  as  well  as  you  know  the  man  as  he  is. 

It  is  a common  saying  that  students  who  have  a dis- 
tinguished career  at  college  often  sink  down  into  the 
position  of  very  insignificant  mortals  in  after  life,  and  that 
those  who  have  had  a very  inglorious  career  as  students 
often  come  to  the  front  as  practitioners.  I think  the  latter 
of  these  statements  is  more  true  than  the  former,  and  it 
is  encouraging  that  it  should  be  so.  There  are  men  of 
solid  parts  who,  it  may  be,  have  not  that  alertness  and 
nimbleness  of  brain  which  enables  a student  to  become  a 
prominent  man  in  his  year.  But,  on  the  other  hand,  you 
may  depend  upon  it,  that  if  a man  has  come  out  prominently 
in  these  four  trying  years,  tested  by  all  sorts  of  methods 
and  by  a variety  of  different  men,  it  is  evidence  that  he 
has  special  ability.  A man  who  acquits  himself  well  in 
this  preliminary  skirmish  in  the  battle  of  life  is  not  likely 
to  be  seriously  worsted  when  he  joins  issue  in  the  full 
campaign.  As  I scan,  for  example,  the  list  of  men  who 
have  taken  honours  with  their  medical  degrees  in  this 
University,  I find  that  there  is  scarcely  one,  of  those  who 
have  had  time  to  develop  their  careers,  that  does  not  occupy 
a prominent  and  responsible  position  at  the  present  day. 
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But  now,  I turn  from  this  retrospect,  which  to  some 
of  you  is  perhaps  dismal  enough,  to  look  for  a short  time 
at  the  possibilities  of  the  future.  We  who  are  fated  to 
remain  here  and  minister  to  successive  generations  of 
students,  look  with  strong  sympathy,  and  perhaps  a degree 
of  envy,  on  you  as  you  go  out  into  the  world.  The  future 
is  yours.  Your  story  is  yet  to  tell  because  it  is  yet  to 
live.  It  is  the  story  of  a human  life,  always  interesting  to 
him  who  can  read  it,  and  interesting  above  all  to  the  man 
himself.  With  the  future  before  you,  and  with  all  the 
vigour  of  youth  on  your  side,  you  remind  me  forcibly  of 
the  words  of  the  poet  Byron : 

“ Oh,  talk  not  to  me  of  a name  great  in  story  ; 

The  days  of  our  youth  are  the  clays  of  our  glory, 

And  the  myrtle  and  ivy  of  sweet  two-and-twenty 
Are  worth  all  your  laurels,  though  ever  so  plenty.” 

We  whom  you  leave  behind  in  these  halls  have,  as  it 
were,  attained  to  some  kind  of  victory  in  the  battle  of 
life.  We  have  secured  our  position,  we  can  scarcely  look 
for  any  new  worlds  to  conquer.  When  former  students,  at 
too  rare  intervals,  visit  these  precincts  once  so  familiar,  I 
think  I sometimes  see  an  expression  of  astonishment  and 
perhaps  of  pity  on  their  faces  as  they  find  the  same  old 
routine  still  current.  They  go  into  the  wards,  and  look  on 
the  group  of  students,  and  think  “I  was  once  like  that,” 
and  they  turn  to  the  professor  and  observe  the  same  attitude 
and  method,  and  the  same  old  expressions.  Or  they  visit 
the  post-mortem  room  and  note  the  various  circumstances 
thereof,  the  Pathologist  slightly  older,  but  with  the  same 
mode  of  operating,  and  the  same  voice  dictating  apparently 
the  same  report.  Are  not  the  shabby  coat  and  apron  the 
same  ? It  has  been  in  some  cases  ten,  twelve,  fifteen,  or 
even  twenty  years,  since  these  scenes  were  left,  and  how 
much  has  happened  in  the  life  of  a man  who  has  measured 
so  many  years  since  his  student  days.  And  yet  here  there 
is  no  apparent  change.  I may  perhaps  say  for  us,  that, 
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even  though  we  are  thus  left  behind,  life  retains  some 
interest.  Science  is  ever  full  of  interesting  revelations, 
and  to  any  one  who  loves  his  work  life  never  palls.  But 
the  interest  is  not  that  of  young  life  which  is  making  its 
own  story,  it  is  not  that  which  accrues  to  you.  To  you, 
within,  let  us  say,  the  next  ten  or  fifteen  years,  will  come 
the  most  interesting  episodes  of  life.  There  will  be  the 
proverbial  early  struggles,  the  waiting  for  patients — may  it 
not  be  too  long — the  gradually  growing  confidence  in  your- 
selves and  in  your  work,  the  firm  settling  in  your  places  as 
trusted  and  esteemed  practitioners.  But  this  will  not  be 
the  whole  drama  of  your  lives.  There  lives,  perhaps,  in  your 
imagination,  beyond  the  merely  professional  circumstances, 
a picture,  shadowy  and  ill-defined,  but  warm  with  lively 
colour,  of  a home  and  a loved  one  in  it.  You  have  before 
you  the  perennially  interesting  and  sweet  period  when  a 
fair  face  will  fill  your  world,  and  you  will  regard  the 
business  of  life  as  only  important  in  relation  to  the 
influence  it  may  have  in  that  direction.  I would  advise 
you,  however,  not  to  be  in  haste  to  realize  that  picture. 

And  now  I want  to  refer  to  one  or  two  matters  which 
are  of  special  concern  to  you  as  practitioners  of  medicine. 
I beg  of  you  never  to  forget  that  it  is  a profession  which 
you  have  entered,  and  that  you  are  called  on  to  conduct 
yourselves  as  professional  men.  I am  not  here  asserting 
any  superiority  in  the  professional  man  over  the  business 
man.  Each  man  has  his  value  apart  from  his  profession  or 
business.  But  what  I do  say  is  that,  having  entered  the 
profession,  you  are  called  on  to  strive  after  its  ideals,  which 
are  different  from  those  of  business. 

Let  me  say,  in  the  first  place,  that  our  profession  has  the 
great  advantage  that  its  subject  matter  is  of  special  interest. 
You  are  now  in  the  position  of  trained  observers,  of  natur- 
alists, and  it  is  your  business  to  closely  scrutinize  the  workings 
of  nature  in  every  case  that  comes  before  you.  What  is  a 
case  ? To  the  right-minded  practitioner  the  answer  to  that 
question  is  a very  wide  one.  It  is,  in  the  first  place,  a 
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sensitive  human  being  with  numerous  personal  and  social 
circumstances,  each  of  which  may  have  some  bearing  on  the 
problem.  But,  more  directly,  each  case  is  a great  experi- 
ment which  nature  is  performing  on  a living  sentient 
organism  there  before  us.  It  is  a pathological  problem 
which  is  being  set  to  us  and  which  it  is  our  supreme  duty 
to  try  and  understand.  Every  individual  case  ought  there- 
fore to  be,  and,  if  properly  looked  at,  really  is,  a matter  of 
deep  scientific  interest.  There  are,  indeed,  some  who,  when 
they  can  range  the  case  in  its  particular  niche  and  call  it 
by  the  name  given  in  the  books,  think  they  have  finished 
their  diagnosis,  and  may  rest  content.  Meanwhile  the  ex- 
periment is  going  on,  and  new  facts  are  emerging  which  may 
entirely  nullify  the  conclusion  come  to.  It  is  one  of  the 
lessons  which  I trust  you  have  learnt  by  this  time,  that  in 
entering  on  a case,  even  the  most  skilful  observer  is  enter- 
ing on  an  unknown  land,  that  there  may  be  surprises  and 
unlooked-for  incidents  on  the  route,  and  that  he  cannot  be 
said  to  know  the  case,  or  to  have  established  a diagnosis, 
till  he  has  carefully  and  thoroughly  investigated  the  problem 
in  all  its  aspects.  I know  well  from  experience  that  what 
at  first  appears  the  simplest  and  plainest  case,  often  affords 
matter  of  surprising  interest,  and  that  a true  inquisition  into 
the  most  barren-looking  one  always  gives  new  and  inter- 
esting results.  I say,  therefore,  that  you  are  fortunate  in 
respect  that  the  daily  routine  of  your  lives  affords,  at  every 
step,  problems  of  the  keenest  scientific  interest,  to  which  is 
often  added  a strong  element  of  human  interest.  I venture 
to  hope  that  this  attitude  towards  your  work  will  be  kept 
in  your  minds,  and  that  you  will  not  allow  “ custom  which 
doth  make  dotards  of  us  all  ” to  befog  you.  It  is,  unfor- 
tunately, possible  to  treat  medicine  as  merely  a business, 
and  to  look  on  cases  not  as  of  intrinsic  interest,  but  merely 
as  the  external  means  by  which  life,  with  its  more  or  less 
expansive  circumstances,  is  to  be  sustained. 

Intimately  connected  with  what  I have  been  saying  is 
the  fact  that  much  of  the  work  of  a medical  man  is 
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unremunerative,  in  the  material  sense  of  money  payment. 
If  you  look  abroad  on  human  occupations  you  will  see,  I 
think,  that,  as  a general  rule,  those  which  are  most 
interesting  in  themselves  are,  at  least  in  their  earlier 
periods,  least  the  subject  of  money  payment.  Scientific 
work  of  all  kinds  is  done  by  devotees  who  think  little 
about  the  pecuniary  result,  and  it  is  often  the  so-called 
practical  man,  who  appropriates  the  ideas  of  the  real 
worker,  that  reaps  the  reward.  In  our  own  profession  the 
best  work  is  often  the  worst  paid,  and  it  is  so  because  it  is 
the  most  real  and  the  most  interesting.  You  will  always 
get  men  to  spend  much  time  in  hospitals  and  laboratories 
for  the  minimum  of  payment.  I do  not  therefore  regard 
the  fact  that  a great  deal  of  medical  work  is  unremunera- 
tive as  a misfortune.  It  is  rather  a testimony  to  the 
inherent  interest  of  the  work.  It  is  self-remunerative.  Of 
course  there  may  be  too  much  of  a good  thing.  Gratuitous 
work  should  be  voluntary  work,  and  it  is  a mean  spirit 
which  takes  advantage  of  the  medical  man’s  devotion,  and 
neglects  to  pay  his  bill. 

Let  me  say,  further,  that  in  our  profession,  perhaps  more 
than  in  any  other,  the  power  of  taking  pains,  of  going  into 
particulars,  of  attending  to  small  things,  is  the  great  secret 
of  success.  You  are  to-day  proud  to  bear  the  title  of 
graduates  of  medicine.  Never  forget  that  our  profession  is 
in  its  very  essence  one  of  ministration,  of  service,  and  the 
injunction  applies  very  specially  to  us,  “ Whosoever  among 
you  will  be  chiefest  shall  be  servant  of  all.”  Pardon  me  if 
I hint  that  the  young  practitioner,  conscious  of  his  dignity, 
sometimes  looks  on  his  duty  too  much  from  that  high  and 
lofty  pinnacle,  and  rather  scorns  the  menial  services  which 
are  expected  of  him.  The  ideal  practitioner  is  he  who  does 
not  count  any  single  matter,  be  it  pleasant  or  unpleasant, 
clean  or  dirty,  easy  or  difficult,  as  unworthy  of  him.  lie 
must  stoop  to  the  most  trivial  and,  it  may  be,  disgusting 
duties  with  an  indifference  to  his  own  feelings  and  his  own 
self-love,  and  with  a devotion  to  the  high  ideals  of  his 
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profession,  which  will  consecrate  the  most  squalid  circum- 
stances. 

There  is  sometimes  a kind  of  accusation  made  against 
medical  men,  that  they  regard  their  patients  too  much  as 
cases,  and  that  they  are  so  concerned  with  the  physical 
problems  as  to  forget  that  there  are  any  others.  Now,  for 
one  thing,  I do  not  fear  that  you  will  ever  lose  the  feeling 
of  humanity.  It  is  a false  and  unworthy  calumny  that  the 
experimenter  who  watches  in  animals  the  vital  processes, 
even  though  he  has  inflicted  pain  in  subjecting  the  animal 
to  observation,  is  hardened  in  his  human  feeling.  I know 
from  abundant  observation  that  it  is  not  so.  It  is  equally 
untrue  that  familiarity  with  human  suffering  makes  the 
medical  man  hard  and  indifferent.  The  contrary  is  precisely 
the  case,  and  there  is  no  more  tender-hearted  man  than  the 
experienced  and  thoughtful  physician. 

There  is,  however,  another  direction  in  which  the  nature 
of  the  duties  of  medical  men  sometimes  leads  them  into  a 
line  of  feeling  and  action  which  has  to  be  guarded  against. 
Practitioners  see  so  much  of  the  merely  animal  and  merely 
human,  that  they  are  apt  to  ignore  and  rather  despise 
cin)  thing  that  touches  on  the  spiritual  and  the  unseen. 
If  one  thinks  at  all  on  the  eternal  and  stupendous  miracles 
of  nature  and  of  life,  one  must  stand  in  awe  at  the  gigantic 
and  benevolent  force  that  exists  behind  them,  and  one  ought 
to  respect  all  who  reverently  try  to  get  a glimpse  of  the 
unseen  and  bring  it  into  the  actual  human  life.  The 
medical  man,  mingling  with  all  sorts  and  conditions  of  men, 
and  finding  in  creeds  and  confessions  of  every  sort  that 
there  are  good  men  and  bad,  is  apt  to  conclude  that  religion 
is  altogether  a human  invention  to  which  he  can  afford  to 
be  indifferent.  Let  it  be  acknowledged  that  the  formulas 
and  external  embodiments  of  religion  are  but  human  and 
subject  to  the  limitations  of  humanity,  and  let  it  be  claimed 
that  each  individual  has  the  right  of  private  judgment  to 
the  fullest  extent.  When  all  this  is  done,  it  is  but  bigotry 
to  refuse  to  see  that  under  the  great  differences  in  mere 
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opinion  and  creed  there  is  a great  underlying  reality,  and 
that  there  is  no  religious  form  which  has  greatly  influenced 
the  lives  ot  men  that  has  not  some  essential  portion  of 
truth  in  it  which  demands  the  recognition  of  sincere  men. 
Our  position  may  well  be  that  of  sympathy  and  friendly 
co-operation  with  all  who  show  that  they  have  the  essence 
ol  true  religion  by  a life  of  service  and  devotion,  even 
though  they  may  be  personally  disagreeable  and  the  creed 
which  they  profess  to  us  incredible  and  even  obnoxious. 
It  becomes  us  to  have  a humble  and  reverent  attitude 
towards  the  eternal  mysteries,  and  to  conduct  ourselves 
generously  and  sympathetically  towards  those  who  strive 
after  the  higher  ideals. 

I venture  now  to  refer  to  one  or  two  matters  'of  more 
directly  professional  interest.  You  are  going  out  into  the 
world,  and  your  opinions  and  your  attitude  on  the  practical 
aspects  of  scientific  medicine  will  have  great  influence  on 
the  community.  There  is  one  subject  particularly  on 
which,  I think,  the  general  community  and  those  re- 
sponsible for  sanitary  affairs  stand  in  need  of  enlightenment 
and  guidance.  I refer  to  tuberculosis. 

You  have  heard  a great  deal  about  tuberculosis  during 
your  student  course,  and  you  will  experience  still  more 
of  it  as  practitioners.  There  are  some  aspects  of  the 
subject  which,  in  the  light  of  our  present  knowledge,  are 
of  vast  importance,  but  which  have  not  sufficiently 
penetrated  the  professional  or  public  mind  as  actual 
principles  on  which  practical  action  may  be  based.  We 
have  the  startling  facts  that  nearly  a fourth  of  the 
mortality  of  this  country  is  due  to  one  or  other  of  the 
forms  of  tuberculosis,  and  further,  that  of  all  the  human 
beings  born  into  the  world  about  one-half  are  fated  to 
acquire  the  disease  in  one  of  its  many  forms  at  some 
period  of  their  lives.  These  are  startling  enough  facts, 
and  they  are  the  more  important  in  view  of  the  funda- 
mental truth  that  this  is  a disease  whose  causation,  mode 
of  onset,  and  whole  phenomena  are  perhaps  better  known 
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than  those  of  any  other.  It  is  only  thirteen  years  since 
Ivoch  announced  the  definite  discovery  of  the  bacillus  of 
tuberculosis,  and  in  the  interval  since  then  the  whole 
doctrine  of  tuberculosis  as  a disease  due  to  a specific 
vegetable  parasite  has  been  elucidated  with  remarkable 
fulness. 

But  when  we  turn  to  the  more  practical  sides  of  the 
question  it  must  be  said  that  the  picture  is  very  different. 
I his  is  a definitely  infective  disease,  due  to  a microbe 
whose  mode  of  growth  and  other  properties  have  been 
very  fully  elucidated.  It  is  extraordinarily  prevalent  in 
the  human  subject.  And  yet  its  mode  of  access  to  the 
individual,  the  direct  source  of  contamination  in  the 
particular  case,  the  explanation  of  its  remarkable  prevalence 
in  children, — these,  and  many  other  questions  as  to  the 
causation  of  the  disease,  have  obtained  no  sufficient 
answers,  and  have  received,  in  my  opinion,  far  too  little 
attention.  The  Pathologists  have,  I think,  done  their 
part,  the  essential  part,  and  it  remains  for  the  practitioners 
to  apply  the  lesson  in  the  regular  routine  of  the  pro- 
fession. I should  like  it  to  become  part  of  the  habit 
of  mind  of  each  practitioner,  and  not  only  so,  but  of 
every  member  of  the  general  community,  to  regard  each 
case  of  tuberculosis  as  no  mere  awful  visitation  of  provi- 
dence, but  as  the  result  of  a definite  contamination,  and 
in  itself  a possible  source  of  further  infection.  It  should 
be  the  practitioner’s  business  to  investigate,  in  each  case, 
into  the  source  and  mode  of  access  of  the  specific  infection^ 
and  to  take  precautions  that  the  case  which  he  has  to  do 
with  shall  not  be  the  source  of  further  contamination.  It 
is  not  as  if  the  infection  were  some  mysterious  effluvium 
floating  in  the  air  and  penetrating  like  the  atmosphere 
into  every  nook  and  cranny  on  the  earth’s  surface.  The 
bacillus  is  a definite  organism  with  special  conditions  of 
Orowth. . It  is  difficult  to  cultivate  in  the  laboratory,  and, 
except  in  a laboratory  experiment,  has  virtually  no  place 
o growth  outside  the  bodies  of  living  men  and  animals. 
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It  is  an  organised  living  structure,  and  in  order  to  the 
establishment  of  the  disease  it  must  be  carried  into  the 
body  by  some  vehicle.  No  doubt,  in  some  cases,  the 
source  of  contamination  has  been  traced,  as  in  the  case 
of  persons  living  in  the  same  house.  But  even  in  that 
case  how  we  are  apt  to  be  satisfied  with  the  mere  fact 
of  communication,  and  forget  to  investigate  the  particular 
path  and  method  of  contamination.  And  in  cases  where 
no  such  immediate  contact  with  an  infected  person  exists, 
how  rarely  is  any  attempt  made  to  trace  the  source. 
Surely  it  must  sometimes  be  possible,  by  narrowing  down 
the  sources  of  possible  contamination,  to  focus  the  inquiry 
and  bring  out  some  approximation  to  the  truth.  I ask 
you  to  bear  this  matter  in  mind,  and,  in  your  actual 
investigation  of  cases,  let  the  source  of  the  infection  be 
an  essential  part  of  the  inquiry.  This  is  a line  which 
can  be  followed  only  by  the  private  practitioner,  and  is 
inaccessible  to  the  hospital  physician.  A single  well- 

observed  and  demonstrated  case  will  do  much  to  enlighten 
the  community,  and  to  advance  the  great  end  of  the 
reduction  of  this,  the  most  important  of  all  forms  of  disease. 

There  is  another  subject  which,  to  some  extent,  connects 
itself  with  this  one,  and  which  has  important  bearings. 
I refer  to  the  subject  of  Inheritance.  You  who  have 

attended  my  courses  of  Pathology  will  not  blame  me  for 
minimizing  the  importance  of  inheritance.  It  determines 
for  us  all  our  physical  frame,  and  condescends  on  the  most 
minute  particulars  in  the  anatomical  and  physiological 
constitution  of  the  body.  It  is  curious,  however,  when  we 
come  to  the  practical  concerns  of  disease,  that  of  late  years 
two  of  the  diseases  which  used  to  be  regarded  as  pre- 
eminently subject  to  inheritance,  have  been,  in  the  case  of 
one  of  them,  demonstrated,  and  in  the  case  of  the  other 
strongly  suspected,  to  be  due  to  parasitic  influence,  or,  in 
other  words,  to  infection.  I need  scarcely  say  that  tuber- 
culosis is  the  one  disease  and  cancer  is  the  other.  It  will 
be  necessary  to  re-adjust  our  ideas  in  regard  t.o  both  of 
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these.  In  regard  to  tuberculosis  it  must  be  said  that,  in 
view  of  the  definiteness  of  the  contagion  and  the  prevailing 
uncertainty  as  to  the  sources  of  contamination  in  many 
cases,  the  question  of  inheritance  is  a very  difficult  one. 
So  much  is  certain  that  the  disease  itself  is  not  inherited. 
All  that  is  subject  to  inheritance  is  the  susceptibility. 
There  can  be  no  doubt  of  the  existence  of  such  an  inherited 
susceptibility,  but  to  what  extent  it  influences  the  incidence 
of  the  disease  is  by  no  means  apparent.  In  regard  to 
cancer  we  are  only  at  the  outset  of  the  inquiry.  I confess 
to  the  personal  opinion  that,  if  there  is  any  reality  in  the 
assertion  of  an  infective  agent,  then  probably  inheritance 
has  little  or  nothing  to  do  with  the  matter. 

There  is  a wider  view  of  inheritance  on  which  I should 
like  to  say  just  a few  words.  There  is  the  inheritance  of 
racial,  family,  and  other  characteristics  in  their  more  general 
relations.  Now,  so  far  as  physical  characters  are  concerned, 
there  is  nothing  more  certain  than  the  reality  of  the 
inheritance  of  these  characters  ; but  when  we  come  to  moral 
and  spiritual  considerations  the  matter  is  much  more 
difficult.  We  have  here  to  deal  with  the  subtle  influences 
of  education,  surroundings,  climate,  etc.  I believe  in  the 
influence  of  heredity  on  bodily  and  mental  vigour,  on 
special  aptitudes  for  particular  lines  of  energy  or  thought, 
but  when  we  come  to  such  considerations  as  those  which 
constitute  character  I am  much  more  doubtful.  I confess 
that  the  words  which  fell  from  the  lips  of  a recent  dis- 
tinguished Lord  Rector  in  his  address  in  this  hall,  com- 
mended themselves  to  my  mind,  when  he  said : “ We  note, 
and  note  correctly,  the  varying  shades  of  national  character ; 
and  proceed  to  put  them  down,  often  most  incorrectly,  to 
variations  in  national  descent.  . . , Are  we  not 

often  attributing  to  heredity  what  is  properly  due  to 
education,  and  crediting  Nature  with  what  really  is  the 
work  of  Man.”  I will  refer  here  to  two  experiments  which 
seem  to  me  to  enforce  this  view.  In  the  first  place  do 
we  not  see  a new  national  type  emerging  in  the  great 
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American  republic  ? It  is  said  that  in  the  second  genera- 
tion the  man  of  purest  descent  has  already  conformed 
to  the  new  type.  Another  interesting  experiment  is  that 
which  is  being  performed  in  an  institution  in  our  immediate 
neighbourhood.  In  the  Orphan  Homes  of  Scotland  are 
gathered  together  some  1200  children  whose  moral  heredity 
should  be  of  the  worst.  They  are  largely  the  children  of 
the  lowest  class  of  our  city  life;  but  there  seems  the  most 
conclusive  evidence  that,  if  these  children  can  be  got  at 
a sufficiently  early  age,  and  if,  in  setting  them  out  in  life 
they  can  be  separated  from  their  friends,  who  would  other- 
wise drag  them  down,  an  almost  incredible  percentage  do 
well  in  after  life.  The  percentage  is  stated,  on  the  ground 
of  definitely  ascertained  fact,  at  98  or  99,  an  amazing  result 
if  it  be  even  approximately  true.  Well,  these  are  all 
matters  of  interest  on  which  I have  not  time  to  dwell.  I 
mention  them  because  there  is  need  for  caution  in  the 
direction  which  I have  indicated,  and  also  because  what 
I have  said  in  regard  to  disease  and  its  relation  to  heredity 
is  largely  applicable  to  moral  characteristics.  In  both  it 
is  possible  to  ascribe  too  much  to  inheritance  and  too  little 
to  contamination  from  without — a mistake  which,  I take  it, 
has  been  not  infrequently  made  in  the  past.  In  our  own 
circle  and  in  our  own  families,  if  we  have  them,  we  may 
notice  the  action  and  interaction  of  the  two  influences. 
We  may  also  learn  the  lesson  of  responsibility,  not  for 
the  physical  and  mental  constitution,  which  are  inherited 
by  natural  laws  on  which  the  individual  can  have  no  influ- 
ence, but  for  the  education  and  character  of  those  within 
the  range  of  our  influence. 

In  conclusion  I have,  on  behalf  of  myself  and  my  col- 
leagues, to  wish  you  all  success  in  the  profession  which  you 
have  embraced,  and  to  ask  you  to  be  true  to  the  trust 
which  this  University  has  imposed  upon  you.  Your  career 
is  of  interest  to  us  here,  and  we  trust  that  you  will  be  able 
to  preserve  throughout  life  a warm  feeling  of  love  and 
kindly  appreciation  for  your  alma  mater. 


_ 
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